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PREFACE. 



The '' Advanced Primers of Electricity '* are in 
no sense to be regarded as revisions of the author's 
'^Primers of Electricity/' which were published 
during the International Electrical Exhibition held 
in Philadelphia^ in 1884. 

The International Electrical Exhibition Primers, 
written during the early days of fbo Exhibition, 
were intended to explain merely the elementary 
principles of electricity to a public which was then 
almost entirely ignorant of even the rudiments of 
the science. 

The times, however, have changed since 1884. 
The public is no longer ignorant of the principles 
of electrical science. The numerous commercial 
applications which have been made of this wonder- 
working force since that time have greatly in- 
creased the number of those to whom a knowledge 
of its laws has become a necessity of every-day 
business life. 

Primers, therefore, based on the simple lines of 

those of 1884, would now occupy but a compara- 
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4 PREFACE* 

tively limited field, and the author, in rewriting 
his Primers, has endeavored to treat the subject 
more nearly from the standpoint of the present 
knowledge of the general public. 

For convenience the '^Advanced Primers ^^ are 
arranged in three separate books, each complete 
in itself, viz. : ^' Electricity and Magnetism, Being a 
Series of Advanced Primers of Electricity ; " ^* The 
Measurement of Electric Current, and Other Ad- 
vanced Primers of Electricity/' and ^^ The Electric 
Telegraph, and Other Advanced Primers of Elec- 
tiicity.'^ Each of these volumes is complete in 
itself. 

In these days of voluminous electrical literature, 
the student is often in doubt as to the best books 
with which to begin his studies. As an aid in this 
direction, and as a species of University Extension 
Work, there has been placed at the end of each 
Primer extracts from one or more standard elec- 
trical books, so as to give the student some idea of 
their character, and to enable him to intelligently 
select the works best suited to his needs. 

Edwin J. Houston. 
Central High School, 

Philadelphia, Pa., 

October, 189^, 
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I.--EFFECTS OF AN ELECTRIC CHARGE. 



Probably the first recorded experiment in electric- 
ity was that performed by Thales, of Miletus, who 
noticed that a piece of amber, when rubbed against 
the clothing, acquired the property of first attract- 
ing and then repelling light bodies brought near it. 
This discovery was made about the year 600 B. C. 

By friction against the clothing the amber be- 
came electrified, or received an electric charge, and 
thereby acquired the power of. attracting and repel- 
ling light objects. 

Amber is not the only substance that can be electri- 
fied by friction. Indeed, it is doubtful whether any 
substance exists that cannot be electrified by friction 
against some other substance, and this is true whether 
the substances rubbed are solids, liquids, or gases. 

For example, a rod of warm, dry glass, briskly 
rubbed with a dry, «ilk handkerchief, becomes elec- 
trified. If such an electrified rod be held near 
a light, easily moved object, as, for example, a ball of 
pith, the ball will be attracted to the rod as shown 
in Fig. 1. In this apparatus the ball is suspended 
by a thread attached to a bent wire suitably sup- 
ported by the glass rod A. The wire is so shaped 

(7) 



8 



BLECTRlCIft AND MAGNJSTISM, 



that when the pith ball is acted on by gravity alone 
it will come to rest in a vertical position at some 
distance from the support A. 




Fig. 1.— Klkotrostatio Attraction. 
When touched by the electrified glass rod, the pith 

ball acquires an electric charge and is then imme- 
diately repelled as shown in Fig. 2. 




Fig. 2.— Blbotrostatio Repulsion. 

If the attracting rod is now moved away from 

the ball, the ball gradually loses its charge, and the 

ball and its supporting string will assume a vertical 

position under the influence of the earth^s attrac- 
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tion, just as a plumb-line would. As long, however, 
as the ball retains its charge it will be repelled by 
the charge possessed by the silk-rubbed glass. 

If, however, while the pith ball is charged by the 
silk-rubbed glass, it be approached by a piece of r 

resin that has been electrified by rubbing with silk, ' ■ 

it will be attracted. The kind of electricity pro- :J 

duced by rubbing resin with silk is, therefore, dif- 
ferent from the ki'iid which is produced by rubbing -''] 
glass with silk, since it produces different effects. 

If experiments be made by rubbing a number 
of different substances together, it will be found 
that only two kinds of electricity can be produced, 
namely, the kind produced by glass when rubbed 
with silk, and the kind produced by resin when 
rubbed with silk. We, therefore, correctly infer 
that there are but two kinds of electricity. These 
were formerly called vitreous electricity, or electric- 
ity like that produced by glass, and resinous elec- 
tricity, or electricity like that produced by resin. 

The terms vitreous and resinous are now univer- 
sally replaced by the terms positive and negative, 
since it is well known that the kind of electricity 
produced by glass, or by resin, depends on the sub- 
stances with which tlie glass or the resin is rubbed. 
For example, glass rubbed by flannel becomes elec- 
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trifled with the same kind of electricity as resin 
rubbed with silk. 

There are, therefore, but two kinds of electric- 
ity, namely, positive and negative. A body charged 
with positive electricity is said to possess a positive 
charge ; a body charged with negative electricity is 
said to possess a negative charge. 

Whenever electricity is produced by friction> the 
body that is rubbed receives one kind of electricity 
and the body with which it is rubbed receives an- 
other kind. That is to say, if a rod of glass rubbed 
with a piece of silk becomes positively charged, the 
silk will at the same time become negatively charged. 

In the following table a number of common sub- 
stances are arranged in such an order that when any 
two of them are rubbed together, the one which is 
nearer the top of the list becomes positively excited 
while the other becomes negatively excited. 

1. Cat's skin. 9. Wood. 

2. Flannel. 10. Metals. 

3. Ivory. 11. Caoutchouc. 

4. Rock crystal. 12. Sealmg wax. 
6. Glass. 13. Resin. 

6. Cotton. 14. Sulphur. 

7. Silk. 15. Gutta percha. 

8. The hand. 16. Gun cotton. 

(Oanot,) 
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Suppose for example a piece of glass is rubbed 
with flannel ; the flannel will be positively charged 
since it comes first in the list, while the glass will 
be negatively charged. If, however, the glass is 
rubbed with silk, since the glass comes first in the 
list it will be positively charged, and the silk nega- 
tively charged. 

A simple experiment in the production of an elec- 
tric charge by friction can be made as follows; 
Place a smooth board on a stove and, when 
thoroughly dried and heated, place on it a sheet 
of ordinary writing paper, that has also been dried 
and heated. If, now, the paper be rubbed with a 
piece of india rubber, it will be found to be strongly 
electrified, as may be shown as follows : 

(1.) If the sheet of paper is brought near one of 
the walls of a room, it will be attracted and held to 
the wall with a fairlv considerable force. 

(2.) If the paper be cut with a penknife into long 
fringes while on the board, the separated strips of 
these fringes will, when removed from the board, 
repel one another in a curious manner. 

(3.) If a dry metallic waiter be supported on a 
dry glass tumbler and the electrified paper be taken 
from the board and placed on the waiter, a fairly 
long spark may be drawn from the waiter- 
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When a body is electrified by friction, or by any 
other cause, that is, when it has received an electric 
charge, it acquires the power of producing the fol- 
lowing effects, namely: 

(1.) It will first attract and afterward repel light 
objects brought near to it. 

(2.) When brought near to a knuckle of the 
hand or to a blunt metallic object, a faint purplish 
spark will be seen in the dark. 

(3.) The production of the spark is accompanied 
by a crackling sound. 

(4.) If moved near the face, a creeping sensation 
is experienced, as if cobwebs were being drawn over 
the skin. 

That branch of electric science which treats of 
electric charges and their effects is called electro- 
statics. 

The laws of electrostatics can be expressed as fol- 
lows : 

(1.) Like charges, that is, charges of like name, 
repel each other ; in other words, a positive charge 
will repel another positive charge, and a negative 
charge will repel another negative charge. 

(2.) Unlike charges attract each other ; that is, a 
positive charge attracts a negative charge, and, con- 
versely, a negative charge attracts a positive charge. 
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(3.) The force exerted by either the attraction or 
the repulsion is directly proportional to the product 
of the quantities of electricity possessed by the two 
bodies and inversely proportional to the square of 
the distance between them. 

That like charges repel each other can be proved 
by the apparatus shown in Fig. 3, in which two pith 
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Fig. 3,— Pith Ball Eleotroscopb. 



balls B By hung by silk threads, fly apart and repel 
each other when charged by the electrified glass rod 
8, brought so as to touch them. 

Any apparatus which is designed to show the 
presence of an electric charge is called an electro- 
scope. The pith ball apparatus of Figs. 1, 2 and 3 
show forms of simple electroscopes. 

A better form of electroscope is shown in Fig. 4, 
in which two gold leaves, n, n, are placed parallel to 
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each other and supported by a conducting support 
inside the glass jar B. The conducting supports of 
the gold leaves terminate outside the jar by the 
rounded metallic knob or ball C. When the gold 
leaves are charged by bringing an electrified body 
in contact with C, they are repelled. 




Fio. 1.— Gold Lraf £LBcrrRoscx>PB. 



If the gold leaves are first charged with a weak 
charge, and the distance they are repelled is observed, 
it will be noticed that if, on another occasion, they 
are charged with a stronger charge, the distance 
they are repelled or driven apart is much greater. 
The strength of the charge may, therefore, be mea- 
sured by the distance the leaves are driven apart. 

Any apparatus which will permit the accurate 
measurement of this distance is called an electrometer. 
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When it is desired to ascertain the kind of charge 
which a body possesses, that ia, whether the charge 
ie positive or Hegative, the gold leaf electroscope 
shown in Fig. 4 la used as follows : The leaves are 
first repelled by imparting to them a small known 




Fig. 5.— Torsion Balance. 



charge; for example, a positive charge, obtained, 
say, by touching the knobby a silk-rubbed glasa rod. 
While they are still repelled, the body, the kind of 
whose charge is to be ascertained, is touched to the 
knob. If this charge is the same as that of the 
silk-riibbed glass, namely, positive, the leaves will 
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be repelled still further. If, however, it is nega- 
tive, the leaves will first be attracted and afterward 
repelled. In this manner it is easy to determine 
the character of a charge. 

To illustrate the third law of electrostatics, an 
apparatus called a torsion balance may be used. 
Its general construction is shojvn in Fig. 5. A 
slender needle of shellac is supported by a metallic 
wire to a movable screw head D, provided with a 
graduated scale. On one end of the shellac needle 
is placed a gilded ball. Through an opening, B, in 
the top of the glass cage, is inserted an apparatus 
called a proof plane, consisting of a metallic ball 
supported on a rod of hard rubber. 

To use the apparatus, the proof plane is removed 
from the glass vessel, touched to the electrified sur- 
face whose charge is to be measured and then in- 
serted again in the opening B, The ball on the 
shellac needle is at once attracted, and, receiving an 
electric charge, is then repelled. The force with 
which the charge on the proof plane repels the 
shellac needle is then measured by the angle through 
which the wire supporting the shellac needle must 
be twisted in order to move the needle a certain dis- 
tance toward the proof plane. 

It can be shown that an electric charge resides 
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only oil the surface of the body charged. If, for 
example, a hollow metallic sphere be electrified, a 
l)roof plane touched to any part of its outer surface 
receives a charge, but if touched to any part of the 
inside it receives no charge. 

Faraday was in the habit of protecting his delicate 
electrical instruments from the effects of electric 
charges by throwing a light gauze covering over 
them. In Fig. 6 an apparatus called Faraday^s net 




Fig. 6.— Faraday's Net. 



is shown, in which a net formed of light gauze or 
cloth is supported on a glass stand and is provided 
with silk strings, by means of which it can be 
readily turned inside out. If the net be electrically 
charged, the proof i)lane will not show any charge on 
the inside of the not, although the outside markedly 
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shows the presence of such a charge. But if the net 
be turned inside out, the charge will now be found 
on the outside of the net, and none on the inside. 
The change in the distribution of the charge takes 
place practically instantaneously. 

Faraday constructed a cubical room twelve feet 
square, and, therefore, sufficiently large to permit 
him to go into it with his instruments. The cube 
was placed in the lecture room of the Royal Insti- 
tution, of London, and insulated from the same. 
Although a strong charge was given to the outside 
walls, which were covered with tinfoil, he could de- 
tect no signs of such charge on the inside with his 
delicate instruments. 
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EXTRACTS FROM STANDARD WORKS. 

Faraday thus describes the experiments with his 
cubical room in Vol. I. of his '* Experimental Re- 
searches in Electricity/'* on page 365 : 

I carried these experiments on with air to a very great 
extent. I had a chamber built, being a cube of twelve feet. 
A slight cubical wooden frame was constructed, and cop- 
per wire passed along and across it in various directions, 
so as to make the sides a large net-work, and then all was 
covered in with paper, placed in close connection with the 
wires, and supplied in every direction with bands of tin 
foil, that the whole might be brought into good metallic 
communication, and rendered a free conductor in every 
part. This chamber was insulated in the lecture-room 
of the Royal Institution ; a glass tube about six feet in 
length was passed through its side, leaving about four feet 
within and two feet on the outside, and through this a 
wire passed from the large electrical machine (290) to the 
air within. By working the machine, the air in this 
chamber could be brought into what is considered a highly 
electrified state (being, in fact, the same state as that of 
the air of a room in which a powerful machine is in opera- 
tion), and at the same time the outside of the insulated 
cube was everywhere strongly charged. But pucting the 

* "Experimental Researches in Electricity." by Michael Faraday. 
London: Bernard Qaaritcb, 1839. 3 vols., 1461 pages, 215 illua- 
I rations. Price, |25.00. 
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chamber in communication with the perfect discharging 
train described in a former series (292) and working the 
machine so as to bring the air within to its utmost degree 
of charge, if I quickly cut off the connection with the 
machine, and at the same moment or instantly after insu- 
lated the cube, the air within had not the least power to 
communicate a further charge to it. If any portion of the 
air was electrified, as glass or other insulators may be 
charged (1171), it was accompanied by a corresponding op- 
posite action tcifhin the cube, the whole effect being merely 
a case of induction. Every attempt to charge air bodily 
and independently with the least portion of either elec- 
tricity failed. 

I put a delica'e gold-leaf electrometer within the cube, 
and then charged the whole by an outside communication, 
very strongly, for some time together ; but neither during 
the charge or after the discharge did the electrometer or 
air within show the least signs of electricity. I charged 
and discharged the whole arrangement in various ways, 
but in no case could I obtain the least indication of an ab- 
solute charge, or of one by induction in which the electric- 
ity of one kind had the smallest superiority in quantity 
over the other. I went into the cube and lived in it, and 
using lighted candles, electrometers, and all other tests of 
electrical states, I could not find the least influence upon 
them, or indication of anything particular given by them, 
though all the time the outside cube was powerfully 
charged, and large sparks and biiishes were darting off 
from every part of its outer surface. The conclusion I 
have come to is that non-conductors, as well as conduct- 
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ors, have never had an absolute and independent charge of 
one electricity communicated to them, and that to all ap- 
pearance such a state of matter is impossible. 

Silvanus P. Thompson in his '* Elenientary Les- 
sons in Electricity and Magnetism/'* page 10, re- 
marks as follows concerning the many different sub- 
stances that will produce electricity by friction : 

We will simply remark here that friction between two 
different substances always produces electrical separation, 
no matter what the substances may be. Symmer observed 
the production of electricity when a silk stocking was 
rubbed over a woolen one, though woolen rubbed upon 
woolen, or silk rubbed upon silk, produces no electrical 
effect. If, however, a piece of rough glass be rubbed on a 
piece of sinooth glass, electrification is observed ; and, in- 
deed, the conditions of the surface play an important part 
in the production of electricity by friction. In general, of 
two bodies thus rubbed together, that one becomes nega- 
tively electrical whose particles are the more easily re- 
moved by friction. Differences of temperature also affect 
the electrical conditions of bodies, a warm body being usu- 
ally negative when rubbed on a cold piece of the same sub- 
stance. Peclet found the degree of electrification produced 
by rubbing two substances together to be independent of 
the pressure and the size of the surfaces in contact, but 
dependent on the materials and the velocity with which 
they moved over one another. KolHng friction and sliding 

* *• Elementary Lessons in Electricity and Magrnetism," by Sil- 
vanus P. Thompson. London: Macmillan & Co. 1892. 456 pages, 
171 illustrationii. Piice, |1.25. 
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friction produced equal effects. The quantity of electrifi- 
cation produced is, however, not proportional to the 
arnoimt of the actual mechanical friction ; hence it ap- 
pears doubtful whether friction is truly the cause of the 
electrification. 

In his ^^ Dictionary of Electrical Words, Terms 
and Phrases,"* page 195, the author remarks as fol- 
lows concerning the production of electricity by 
friction : 

In the following table the substances are so arranged 
that any one in the list becomes positively electrified when 
rubbed by any which follows it: 

Positive. 

1. Cat's fur. 6. Cork heated. 

2. Polished glass. 7. White silk. 
8. Wool. 8. Black silk. 

4. Cork at ordinary temperatures. 9. Shellac. 

5. Coarse brown paper. 10. Rough glass. 

Negative. (Forbes,) 

It will be observed that the character of the charge pro- 
duced by friction depends on the character of the surfaces 
rubbed. This is seen from the foregoing table, where — 

(1.) The roughness of the surface, as in the case of glass, 
produces a difference in the nature of the charge ; thus, 
rough glass is at the bottom of the table, and smooth, pol- 
ished glass near the top. 

* " A Dictionary of Electrical Words, Terms and Phrases.** 
by Edwin J. Houston. Second Edition. New York: The W.J. 
Johnston Co., Ltd. 1892. 562 paires, 570 illustrations. Price. 15.00. 
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(2 ) The state of the surface as shown by the color. 
Black silk rubbed with white silk is negative to it. 

(3.) The state of the surface as varied by the temper- 
ature. Hot cork receives a negative charge when rubbed 
against a piece of cold cork. 

Forbes has pointed out that these differences are prob- 
ably due to the change produced in the ability of the sur- 
face to radiate heat or light. A substance or body which 
radiates the most li^ht or heat is negative. Thus, a hot 
body radiates more heat than a cold body, and is negative 
to it. A rough surface iw negative to a smooth surface be- 
cause it radiates more heat than a smooth surface. For the 
same reason a black surface is negative to a white surface. 
In this latter case, however, the black surface is the worse 
radiator of light. 

The contact of dissimilar substances has long been coii- 
sidered by some as one of the requisites for the ready pro- 
duction of electricity by friction. In fact, the production 
of electricity by friction has been ascribed as an effect 
due to a true contact force at the points of junction of the 
rubber and the thing rubbed. 

Maycock, on page 87 of his ^' First Book of Elec- 
tricity and Magnetism/'* describes the method of 
performing a simple experiment by means of which 
the effects of an electric charge can be shown. 

* *'A First Book of Electricity and Maprnetism, for the Use of Ele- 
mentary Science and Art. and En^nneerinf? Students and General 
Readers," by W. Perren Maycock. Loudon: Whittaker & Co. 
1891. 133 pages, 84 illustrations. Price, 60 cents. 
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Take a well-warmed drawiug board, a sheet of hot 
brown paper and a well-dried clothes brush. Lay the papei 
on the board and rub it briskly to and fro with the brush. 
If the paper be then presented with its rubbed side toward 
the light bodies on the tray (§ 100), or the suspended pith 
ball, or the suspended wooden lath, electrical attraction 
will take place, proving that the surface of the paper has 
been electrified. If the brown paper be presented to the 
wall of the room, it will cling to it so long as it retains its 
charge. 

Apparatus must be perfectly dry and warm, and free 
from dust. The electrification produced by friction is at a 
very much greater potential or pressure than the electrifi- 
cation due to a battery, and fior this reason the slightest 
moisture on the surface of otherwise insulating bodies 
renders them comparatively good conductors ; consequent- 
ly these experiments will not succeed unless every care be 
taken to drive away the moisture by having the apparatus 
perfectly dry and warm (§ 50). Everything should as well 
be quite clean and free from dust, for dirt and dust are 
almost as good conductors of high pressure electricity as 
moisture. 
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If a metallic rod be held in the hand and rubbed 
with a piece of cat's skin or a silk handkerchief, no 
electric charge can be detected on it. For this 
reason it was formerly believed that metallic sub- 
stances could not be electrified by friction. They 
were, therefore, placed in a class called non- electrics, 
or bodies which could not be electrified by friction, 
in order to distinguish them from electrics, or bodies 
which could be electrified by friction. This dis- 
tinction between electrics and non-electrics is no 
longer made, for the following reason : 

If the metallic rod is fastened in a glass handle, 
and this handle is held in the hand while the rod 
is rubbed, the metal readily becomes electrified by 
friction, as can be proved by the use of the gold 
leaf electroscope shown in Fig. 4. Electricity is 
produced by friction when the rod is held in the 
hand, but it rapidly escapes from the rod and passes 
into the earth through the body of the person hold- 
ing it. When, however, the metal rod is inserted in 
a glass handle, or in a handle of any other similar 

non-conducting substance, and is held by such 

(25) 
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handle, the charge cannot pass off the rod through 
the glass, and therefore remains on the rod. 

Substances differ as regards the ease with which 
electricity flows through them. Some will allow the 
electricity to pass through them quite readily; others 
will not allow electricity to so pass without difficulty. 

Substances which permit electricity to flow 
through them are called conductors. Substances 
which will not permit electricity to readily pass 
through them are called non-conductors. 

The difference between conducting and non-con- 
ducting substances may be shown by means of the 
following experiment : Stretch a metallic wire and 
a silk thread parallel to, but some distance from one 
another, between two walls of a room, by attaching 
the ends to hooks. In the case of the wire fasten a 
silk thread to each end of the wire and attach it 
to the hooks by such silk ends. If, now, an assist- 
ant holds a gold leaf electroscope or a pith ball elec- 
troscope so as to touch one end of the wire, it will 
immediately show the presence of an electric charge 
when an electrified body, such, for example, as a 
silk-rubbed glass rod, is held so us to touch the other 
end. Here the charge passes from the glass rod 
through the entire length of the wire, and charges 
the gold leaves of the electroscope, or the pith balls. 
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In other words, the wire acts as a conductor of elec- 
tricity. 

If, however, the electrified body is held to one 
end of the silk cord, no effect is produced at the 
other end, on either the pith balls or the gold leaf 
electroscope. In other words, the silk cord will 
not conduct electricity. 

In the following table the substances are arranged 
in the order of their conducting powers for elec- 
tricity. Those at the top of the list are good con- 
ductors of electricity, while those at the bottom of 
the list are poor conductors. 

Table of Electrical Conducting Pouters. 

1. Silver. 17. Flowers of sulphur. 

3. (k)pper. 18. Baked wood. 
8. Metals generally. 19. Paper. 

4. Well burned charcoal. 20. Oils. 

5. Giaphite. 21. Porcelain. 

6. Acids. 22. Air and dry gases. 

7. Saline solutions. 23. Silk. 

8. Water. 24. Diamond. 

9. Snow. 25. Glass. 

10. Vegetables (living). 26. Wax. 

11. Animals (living). 27. Sulphur. 

12. Moist earth. 28. Resins. 

13. Linen. 29. Amber. 

14. Ck)tton. 30. Gutta percha. 

15. Alcohol. 31. Shellac. 

16. Powdered glass. 32. Ebonite, or vulcanite. 
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An inspection of this table shows that silver, 
copper and the metals generally are the best con- 
ductors of electricity, while ebonite, shellac and 
gutta percha are the worst conductors. As the 
table is arranged we may regard it as a table of 
electrical conductivity, the substances placed near 
the end of the list being those which possess the least 
conductivity. If, however, the table be read from 
the bottom upward, it will then be a table of non- 
conductors, the poorest non-conductors then coming 
near the top of the table. 

A conductor supported by or resting on a non- 
conductor, is said to be insulated. When in this 
condition, it can receive and retain an electric 
charge. As non-conductors will thus insulate a 
body, they are often called insulators. 

Since a non-conductor opposes the passage of 
electricity through it, or offers a resistance to such 
passage, it is said to possess an electric resist- 
ance. Even the best conductors offer some resist- 
ance to the passage of electricity through them. 

The higher the conducting power of a substance, 
the lower its electrical resistance. Conversely, the 
lower the conducting power, the higher its electrical 
resistance. In other words, the conducting power 
is equal to the reciprocal of the resistance. 
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An electric charge resides on the surface of a 
condnctor. A steady electric discharge passes 
through the mass of the conductor. Therefore, 
when the discharge is great, the conductor must be 
made large, that is, of great area of cross section. 
The higher the conducting power, however, the 
smaller the area of cross section necessary to safely 
carry a given steady discharge. In the case of 
electric discharges the direction or intensity of 
which varies suddenly, the above statements need 
modifications which will be considered in another 
Primer. 

The conducting power of a substance for elec- 
tricity varies in a marked manner with its physical 
condition. The conducting power of most metals 
decreases with an increase of temperature ; carbon, 
however, forms an exception- to this rule. Glass, 
which is a poor conductor when cold, conducts 
electricity when fused. Wrobleski has shown that 
at very low temperatures the conducting power of 
the metals increases. 

A very small percentage of impurities greatly 
decreases the conducting power of copper. A very 
small quantity of carbon, zinc, or iron lowers the 
conducting po*wer of copper one-half. 

As a rule alloys are poorer conductors of elec- 
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tricity than the metals from which they are made. 
Some alloys, however, possess the valuable property 
of being but slightly affected as regards their con- 
ducting power by changes of temperature. 

Among the metals, copper and iron are the most 
frequently used in the commercial applications of 
electricity, owing both to their cheapness and their 
excellent conducting powers. 

Insulators are used either to prevent an electric 
charge from escaping from a body, or to insure the 
passage of electricity from one point of a body to 
another without an escape occurring at any inter- 
mediate points. 

In the case of apparatus in which it is desired to 
maintain an electric charge, the charged body may 
be insulated by being supported on glass rods or 
pillars coated with shellac varnish, in order to pre- 
vent the ready deposition of moisture, which greatly 
increases the conducting power of the glass. Sup- 
ports of hard rubber or vulcanite are also frequently 
used for the same purposes. 

In case the wires or other conductors, through 
which it is desired to pass electricity, do not pass 
through the air or other non-conductor, the entire 
surfaces of the conductors must be covered or coated 
with a layer of some good insulating material. 
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This kind of insulation is generally obtained by 
wrapping or braiding cotton o'r silk over the wire. 
This covering is either used alone, or is afterward 
coated with wax, paraffine, shellac, or other good 
insulating substance applied hot, or in a liquid 
state, and afterward hardened. 

In the case of wires or conductors that are de- 
signed for use under water, the insulating material 
must possess high non-conductiiig powers. It must, 
moreover, be impervious, and great care is neces- 
sary in order to prevent the water from penetrating 
and thus injuring the insulation. When used for 
such purposes, several single wires or conductors are 
generally placed together in what is called a cable. 
Gutta percha forms one of the best known insulat- 
ing substances for cables, since it is not injuriously 
affected by salt watQr, and is quite impervious 
under pressure. 

A submarine cable is one designed for use under 
the sea. Such a cable jconsists of a conducting 
wire or wires called the core, the separate wires of 
which are insulated from one another, and from 
the surrounding water, and covered by a number Of 
strands of tarred hemp or jute, wrapped around 
the insulating core of the cable, in order to pro- 
tect it from the pressure of a metallic armor consist- 
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ing of strands of iron wire or other metalUc cover- 
ing, such SB a coat of lead. 




Fio. 7.— OTEHEBAD OB Abrial Cablb. 

In Fig, 7 is shown a form of overhead or aerial 
cable. It is hung from steel wires atmng on poles. 
The cable is designed for telegraph or telephone 
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wires or conductors. It consists of a number of 
separate wires or conductors insulated from one 
another, the whole cable being covered with lead. 
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Overhead wires or condnctors for telegraph or 
telephone service are generally bare or nninBulated ; 
they, therefore, require to be insulated from the poles 
on which they are hung. This is accomplished by 
the use of what are technically known as insulatora. 
Insulators are of a variety of forms. 

A well known form of glass insulator is shown 
in Fig. 8. The conductor is passed around the 
central groove of the insulator, and securely fastened 
thereto by a binding wire. The insulator is con- 
nected to the cross iwm of the telegraph pole by being 
secured by a wooden pin and fastened thereon by a 
screw thread formed in the glass of the insulator. 

Two other forms of insulators are shown in Figs. 
9 and 10, formed respectively of porcelain and of 
hard rubber. 



S 



FlO. 9.— P0BCRL4III iHaUI^TOK. 

Two things should be considered in the construc- 
tion of an insulator, namely: 

(1.) The insulating power of the material of 
which the insulator is cwnposed. A material of 
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high insulating power should be selected, so as to 
reduce the leakage as far as possible. 

(2.) The tensile strength of the material should 
be high, so as to avoid the liability of breaking 
under strain caused by heavy wires. 

The electricity which passes off or leaks from a 
line wire or conductor through an insulator must 




Fig. 10.— Hard Rubber Tnsxtlator. 
escape from the wire over the insulator, to the pin 
to which the insulator is attached, and thence to 
the cross arm, pole and ground. 

As the insulating power is decreased by the col- 
lection of dust on the surface of the insulator, the 
insulators should be placed where they arc exposed 
to the cleansing action of the rain. 

Where a very high insulation is desired, a fluid 
insulator is used, provided with an internally placed 
groove, or cup-shaped space filled with oil. Here 
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any surface leakage, between the wire and the 
ground, can only occur by the current passing or 
crossing the oil in the cup. 

In telegraph or telephone lines, where one line is 
to be joined to another, care must be taken in order 
to avoid a marked decrease in the conducting power 
at the joint. 




Fig. 11.— Amkrican Twist Joint. 

A form of joint much used in the United States, 
called the American twist joint, is sliown in Fig. 11. 
Here the two wires are twisted about one another as 
shown and sometimes the joint is afterward soldered. 

The form of joint shown in Fig. 12 is called 




Fig. 12.— Britannia Joist. 
the Britannia joint. Here the wires are laid side by 
side, bound together, and subsequently soldered. 

In the case of the conductors used in arc lighting, 
or for the general electrical distribution of power, the 
wires are generally insulated by covering them with 
cotton and subsequently painting to exclude moisture. 

In the case of wires or conductors used in electric 
railways, since the electricity is taken from the con- 
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ductors by means of traveling wheels called trolleys, 
or by moving or sliding contacts called plows or 
sleds, the wires are necessarily left bare and unin- 
sulated. Great care is, therefore, necessary in order 




Fio. 13.— MoIntirb's Parallel Sleeve Joint. 

to insure good insulation where the conductors are 
supported by the poles. 

An excellent form of joint, that is rapidly coming 
into extended use, is known as Mclntiro's parallel 
sleeve joint. As its name indicates, the ends of the 




Fig. 14.— Twistino Clamp for 
McIntirb*s Parallel Sleeve Joint. 

wires that are to be joined are slipped into parallel 

sleeves or tubes, which are afterward twisted 

around each other. 

A general view of the parallel sleeve joint, both 
before and after twisting, is shown in Fig. 13. 

The twisting is done by means of the specially 
devised twisting clamp shown in Fig. 14. 
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EXTRACTS FROM STANDARD WORKS. 

Pope, in the revised edition of his '' Modern Prac- 
tice of the Electric Telegraph/^* in considering the 
subject of conductors and insulators, says on page 
56: 

Although all bodies offer more or less resistance to the 
passage of the electric current, there is an enormous dif- 
ference in the resisting capacity of different substances. 
Those which offer comparatively little resistance are called 
in a general sense conductors of electricity, while those 
that offer great resistance are termed insulators. This dis- 
tinction, like that, for example, between heat and cold, is 
wholly relative and not absolute. The most perfect known 
conductors offer some resistance to the current, and the 
most perfect insulator known permits some current to 
pass. But the actual difference in some substances is 
almost beyond the power of the mind to grasp. 

** It is difficult to find any comparison which will give 
a tolerably good idea of the extraordinary difference be- 
tween the electrical resistance of these two materials (cop- 
per and gutta-percha). It is about as great as the differ- 
ence between the velocity of light and that of a body mov- 
ing through one foot in 6,700 years; yet the measurement 
of the two quantities is daily made by the same apparatus 
and the same standards of comparison This fact is well 



* "Modern Practice of the Electric Telegraph. A Technical Hand- 
book for Electricians, Managers and Operators," by Franklin 
Leonard Pope. Fourteenth Edition. New York: D. Van Nos- 
trand Company. 1891. 234 pages, 185 illustrations. Price, |1.50. 
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calculated to give an idea of the range of electrical meas- 
urements, and the perfection to which the instruments 
employed have been brought."* 

The division of bodies into two classes of conductors 
and insulators, though in a certain sense arbitrary, is very 
convenient in practice. In telegraphy the term conductor 
is applied to ail substances which are used in any manner 
as a portion of the conducting circuit, while, on the other 
hand, the term insulator is applied to all substances which 
are employed to confine the electrical current to such con- 
ductors by preventing its escape in undesired directions. 
Following is a list of some of the substances so used, ar- 
ranged as nearly as possible in the order of their specific 
conductivity : 



CONDUOTORS. 

1. Copper. 

2. Zinc. 

3. Platinum. 

4. Iron. 

5. Nickel. 

6. Tin. 

7. Ledd. 

8. Mercury. 

9. Carbon. 
10. Acids. 



11. Aqueous 

B o 1 u tions 
and metal- 
lic salts. 

12. Wafer. 

13. Wood. moist. 

14. Eartb.moist. 

Insulators. 

15. Metallic ox- 

ides. 



16. Ice, dry. 

17. Paper, dry. 

18. Wood, dry. 

19. Earth, dry. 

20. Cotton. 

21. Glazed por- 

celain. 
?2. Silk. 

23. Bitumen. 

24. Sulphur. 

25. Czidized 

oils. 



26. Balata. 

27. India rub- 

ber. 

28. Gutta- 

percha. 

29. Shellac. 

30. Paraffine. 

31. Hard rub- 

ber. 

32. Glass. 

33. Air. 



The conducting power of all alloys or mixtures of differ- 
ent metals is very much less than that of any one of the 
metals of which they are composed . The air is the most 
perfect non-conductor known, even when charged to satu- 
ration with aqueous vapor, but it should be remarked that 
when the moisture of such vapor is deposited upon the sur- 
face of insulating supports it may form a conducting film 
of water. 

*Fl8eming Jenkin on Submarine Telegraphy in North British 
Review^ December, 1866. 
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DISCHARGE. 



When an electrified body is so placed that its 
charge can be transferred to the earth, or to another 
body, it loses its charge, or is discharged. 

This discharge may be effected in a variety of 
ways : 

(1.) By connecting the charged body by means 
of a conductor with the body that is to receive its 
charge. 

In such cases the discharge takes place quietly. 
This kind of a discharge is called a conductive dis- 
charge. 

(2.) By bringing a rounded or blunted earth-con- 
nected body near to the charged body, but not actu- 
ally touching it. 

Under these circumstances the discharge takes 
place suddenly by jumping across the air space be- 
tween the charged body and the body that is to be 
charged. This kind of discharge is called a disrup- 
tive discharge. When it occurs, the air between the 
two bodies is suddenly pierced by the discharge. 

The lightning flash is an example of a disruptive 

(39) 
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discharge. A disruptive discharge, as will be after- 
ward shown, is oscillatory in character ; that is, the 
discharge is not completed by a single out-rush, but 
is attended by many out- and in-rushes which pro- 
duce true electric oscillations. 

(3.) By placing a pointed conductor in electrical 
connection with the charged body, or by holding a 
pointed conductor near it. 

A charged body, even though supported on a good 
insulating substance, will quietly part with its 
charge if any part of its surface is furnished with 
sharp points or projections. 

The cause of this discharge is as follows : The 
charge on the surface of the body is greatest in the 
neighborhood of the points. The air particles, 
which come in contact with the charged body 
near the points, receive minute charges, and are 
then repelled from the points, thus gradually dis- 
charging the body. A discharge of this character 
is called a convedive discharge, 

"When an electric discharge occurs, that is, when 
electricity passes through a conductor, a number of 
effects are thereby produced either in the conductor 
itself or in the space or region surrounding it. 
These effects can be arranged under the following 
heads : 



(1. 

(2. 
(3. 

(4. 
(5. 

(6. 
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Mechanical effects. 
Thermal or heating effects. 
Luminous effects. 
Magnetic effects. 
Chemical effects. 
Physiological effects. 

MECHANICAL EFFECTS. 



The mechanical effects of an electric discharge 
are best seen in the case of the powerful discharges 
that occur in lightning flashes. The passage of such 
discharges is attended by the rupture or breaking of 
any substances that are placed in their path. Such 
effects are seen in the splitting of large trees, the 
shattering or tearing of walls, and the destruction 
of structures generally. 

If a piece of cardboard is placed in the path of a 
sufficiently powerful discharge, the discharge will 
pass through and pierce it. An examination of the 
hole so made shows raised edges or burrs on both 
sides of the card. If the discharge passed through 
the card from one face to the other, there should 
be, it might seem, a depression where it entered the 
card, and an elevation where it left it. In reality, 
however, a raised burr or projection exists on both 
faces of the card, just as if the discharge had started 
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at the middle of the card and proceeded simnlta- 
neoasly in opposite directions. A possible explana- 
tion of this phenomenon is that the discharge canses 
within the mass of the card a minute explosion^ doe 
to the volatilization of a portion of its material. 
The discharge, therefore, probably does enter the 
card at one face and pass out at the other. 

Another illustration of the mechanical effects of 
an electric discharge is seen in some of the phenom- 
ena of the convective discharge. 

During a convective discharge electrified air par- 
ticles pass off from the points. If, as in Fig. 15, 

P 




Fig. 15.— The Electric Blow-Pipe. 

a pointed wire P be connected to a charged body, 
as, for example, one of the coruhicfcors of a frictional 
electrical machine, on the charging of the machine 
by turning the handle, air particles are thrown from 
P in a steady stream, thus producing an electrical 
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breeze or wind. This apparatus is sometimes called 
the electric blow-pipe. The existence of this breeze 
can be proved by bringing a lighted candle C, near 
to the point P, when the flame is blown aside in the 
manner shown in the figure. 

The air particles that form a convective stream 
produce a reaction on leaving the point, just as a 
stream of water or other fluid does when it escapes 
from an orifice in a containing vessel. In the appa- 
ratus called the electric flier, a metallic wheel formed 
of radial arms, bent as shown in Fig. 16, placed so 





Fig. 16.— The Elegtrio Flier. 



as to be capable of rotation on the vertical axis A, 
and supported on the conductor of an electrical 
machine, is set into rapid rotation by the reaction 
of the electrified air particles which escape from 
the points. 
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at the middle of the card and proceeded simulta- 
neously in opposite directions. A possible explana- 
tion of this phenomenon is that the discharge causes 
within the mass of the card a minute explosion, due 
to the volatilization of a portian of its material. 
The discharge, therefore, probably does enter the 
card at one face and pass out at the other. 

Another illustration of the mechanical effects of 
an electric discharge is seen in some of the phenom- 
ena of the convective discharge. 

During a convective discharge electrified air par^ 
tides pass off from the points. If, as in Fig. 15, 

P 




Fig. 15.— The Electric Blow-Pipe. 

a pointed wire P be connected to a charged body, 
as, for example, one of the conductors of a frictional 
electrical machine, on the charging of the machine 
by turning the handle, air particles are thrown from 
P in a steady stream, thus producing an electrical 
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breeze or wind. This apparatus is sometimes called 
the electric blow-pipe. The existence of this breeze 
can be proved by bringing a lighted candle C, near 
to the point P, when the flame is blown aside in the 
manner shown in the figure. 

The air particles that form a convective stream 
produce a reaction on leaving the pointy just as a 
stream of water or other fluid does when it escapes 
from an orifice in a containing vessel. In the appa- 
ratus called the electric flier, a metallic wheel formed 
of radial arms, bent as shown in Fig. 16, placed so 
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as to be capable of rotation on the vertical axis A, 
and supported on the conductor of an electrical 
machine, is set into rapid rotation by the reaction 
of the electrified air particles which escape from 
the points. 
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THERMAL OR HEATISG EFFECTS. 

When an electric discharge passes throagh a 
conductor, it produces an increase of temperature 
in the conductor. The amount of heat produced 
varies both with the quantity of the discharge and 
the resistance which the conductor offers to the pas- 
sage of electricity through it. 

The heating power of an electric discharge can 
be shown by moans of an apparatus called an elec- 
tric calorimeter. This apparatus as shown in Pig. 
17, consists essentially of a coil of wire, im- 




Fig. 17.— The Eleotrio Calorimetbb. 



morsod in a liquid placed in a suitable containing 
vessel. As the discharge passes, the temperature 
of the liquid rises, as is shown by the thermometer 
T, inserted in the liquid. 
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Some heating effect is produced, no matter what 
may be the resistance of the conductor, or how feeble 
the electric discharge that passes through it. As a 
rule, however, the higher the resistance of the con- 
ductor, the smaller its dimensions, and the stronger 
the discharge passing through it, the more pro- 
nounced are the heating effects produced. In elec- 
tric welding, and in the case of an extended class 
of apparatus called electric heaters, the heating 
effects of the discharge are utilized. 

LUMIN"OUS EFFECTS. 

When the heating of an electric conductor is car- 
ried to a sufficiently high point, the conductor is 




Fig. 18.— Incandescent Elbctrio Lamp. 

rendered. incandescent, and gives off light as well as 
heat. 

An illustration of this is seen in the case of the 
electric incandescent lamp, where a slender filament 
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of carbon is heated to hiraiiiosity by tbe passage of 
a Bufliciantly powerful diseliurge. In order to pre- 
vent the heated ourbou from being rapidly consumed 
by tbe air, it ia placed inaids a glass vessel from 
which all the air has been exhausted. The well- 
known form given to the incandescent lamp is shown 
in Fig. 18. 

If a sufficiently powerful discharge is passeij be- 
tween two pieces of hard carbon, by first bringing 
them into contact, and then slowly separating them. 




Pro. ID,— Thb Voltaic 



a brilliant arc of flame, called the voltaic arc, is pro- 
duced. This arc is employed as a source of light In 
tbe electric are lamp. As the discharge passes, a 
minute crater is formed in the piece of carbon from 
which the discharge comes, and a tiny projection or 
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iiipple ia aimiiUarieoualy formed on the other carbon 
where the discharge enters. 

The crater is due to the volatilization of the car- 
bon by the intense heat, and the projectioa, to the 
depoaition of cooled carbon vapor. 

The appearance presented by the carbons after 
the discharge haa been going on for some time ia 
shown in Fig. 19. The upper carbon is here repre- 
sented as the one from which the discharge passes; 




Fig. '20.— a Disruptivk DiacHAKGS. 



The 



the lower carbon as that into which it enters. 

btion of the crater and ita oppoaing nipple can 
% by an inspection of the drawing, 
tat yarioty of other luminous eflocta are pro- 
duced by the passage of a disruptive discharge 
tlirough air or other gases. For example, a disrup- 
tive discharge, when passed through air, will, when 
sufficiently powerful, aaaume the curious branched 
form shown in Fig. 30, wbich in many respects re- 
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^embleB the irregulur cuurse or path taken by a 
lightning flash. 

Ourioiis luminons effects are produced by the pas- 
sage of a discharge through partial vacua. If the air 
ia the egg-shaped glass vessel shown iu fig. 21 is 




partially removed, and a dischargo is passed between 
tlie metallic terminals at the top and bottom of the 
vessel, instead of taking the irregular path shown 
in Fig, 20, it forms an ovoidal mass of faint, bluiah 
light of great beauty. 
The color of the spark varies in different gases. 
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When the exhausted vessel contains traces of air^ the 
color of the spark is bluish ; when it contains traces 
of hydrogen, the color is crimson; with carbonic 
acid or chlorine^ it is greenish. 

MAGKETIC EFFECTS. 

The passage of a discharge through. a conductor 
endows the conductor with magnetic properties. 
While the discharge is passing, the conductor will, 
therefore, attract iron filings to it, or repel an easily 
moved magnetic needle. The conductor loses this 
property as soon as the discharge ceases to pass. 

This curious property acquired by a conductor 
through which a discharge is passing was first 
noticed by Oersted. It can be shown by holding a 
wire^ through which a discharge is passing, above 




Fto. 8S.--OeB8TBD'S Bxferiment. 

and parallel to a magnetic needle, as shown in Fig. 
23. The needle will tend to set itself at right 
angles to the wire, and, if the discharge is suffi- 
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ciently strong, will come to rest at right angles 
to it. 

The fact that a conductor through which a dis- 
charge is passing thereby acquires magnetic proper- 
ties is utilized in the production of the electro- 
magnet, a piece of apparatus of very great value 
in numerous practical applications in electric 
science. 

CHEMICAL EFFECTS. 

The passage of an electric discharge under certain 
conditions through compound substances results in 
their chemical decomposition. 

Chemical decomposition effected by an electric 
discharge is called electrolysis. The chemical 
effects of the discharge are utilized in the differ- 
ent applications of electro-metallurgy. By means 
of various electro-metallurgical processes, conduct- 
ing surfaces can be covered with an adherent, co- 
herent layer of metal, or casts or molds in metal 
can be obtained of any object, the surfaces of 
which can be rendered electrically conducting. 
These processes are called respectively electroplating 
and electro typing. 

PHYSIOLOGICAL EFFECTS. 

The passage of an electric discharge through the 
human body produces effects that vary from ftH 
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agreeable tingling sensation to convulsive contrac- 
tions of the muscles, and may even result in prac- 
tically instantaneous death. 

In 1786, Luigi Galvani created great excitement 
throughout the scientific world by showing that 
when the muscles of the legs of a recently killed frog 
were connected by means of two dissimilar metals 
with a nerve, convulsive movements of the legs were 
thereby produced. 

Galvani thought he had discovered the vital fluid 
or animal electricity, and that this fluid, by flowing 
from the nerve, passing through the conducting 
metal and falling on the muscles, caused their con- 
vulsive twitchings. Volta showed that the cause 
of these movements is the passage of an electric 
discharge through the nerves and muscles. 

At first, Volta accepted the explanation which 
Galvani gave of the phenomenon, but a very extended 
series of experiments led him to the conclusion 
above referred to; viz., that what Galvani had 
actually discovered was neither the source of vitality 
nor the presence of animal electricity, but a new 
method of producing electricity. 

Volta carried on his investigations with great 
skill and perseverance, and finally giive io the world 
that most wonderful invention, the voltaic cell, ^y 
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this invention Volta placed at the disposal of scien- 
tific men a simple though powerful method of 
obtaining electricity. 

The construction and operation of the voltaic cell 
will be explained in a subsequent Primer. 

That branch of electric science which treats of the 
electric conditions of living animals and plant? is 
called electro-biology. 

Electro-biology can be conveniently divided into 
two branches, viz. : 

(1.) Electro-physiology, or the study of the electric 
phenomena of living animals and plants ; and, 

(2.) Electro-therapeutics, or the applications of 
electricity to the curing of disease. 

Considerable attention has recently been given to 
the physiological effects of electricity on the human 
body, and the number of successful applications of 
electro-therapeutics is rapidly increasing. Great 
care, however, should be exercised in the use of this 
powerful therapeutic agency. Improperly applied, 
it may do more harm than good. Its application 
should therefore be strictly limited to the skilled 
physician. 
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EXTRACTS FROM STANDARD WORKS. 

In the second edition of his ** Dictionary of Elec- 
trical Words, Terms and Phrases,"* the author 
describes, under the title, '^ Discharge, Luminous 
Effects of," on p. 169, some of the luminous effects 
of an electric- discharge. 

DiBCHABaE, Luminous Effects of. — The luminous phe- 
nomena attending and producing an electric discharge. 

The luminous effects vary as to color, intensity, shape and 
accompanying acoustic phenomena according to a variety 
of circumstances, the principal of which are as follows, viz. : 

(1.) With the kind of gaseous medium through which 
the discharge passes. Thus, a spark passed through hydro- 
gen has a crimson or reddish color, through carbonic acid 
or chlorine, a greenish color. 

(2.) With the density of the medium. In a partial 
TBCUum, the discharge from an induction coil becomes an 
OYoidal mass of light. As the vacuum increases, the light 
at first grows brighter, but as a higher vacuum is reached 
striad of alternate dark and light bands appear. Finally, 
with very high vacua the discharge fails to pass. 

(8.) With the nature of the substances forming the points 
from which the discharge U taken. This is due to the par- 
tial volatilization of the material of the electrodes. 

(4.) With the kind of electricity, i. e., whether positive or 



• "A Dlotioiiary of Electric il Words, Terms and Phrases," by- 
Ed win J. Houslon. Second Editioa. New Yor&: The W.J. John- 
ston OOn 1^- 1^^ ^^ paged, o7U iilusL ration j. Price. 93.00. 
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negative. A positive charge assumes the shape of a fan ; a 
negative discharge, that of a star. 

(5.) On the density of the discharge. The introduction of 
a Leyden jar or condenser in the circuit of a Holtz 
machine, for example, causes the spark to change from a 
faint bluish to a silvery white. 

(6.) The disruptive discharge through air is attended by 
a snapping or crackling sound, which, in the case of light- 
ning, reaches the intensity of thunder. When the disrup- 
tive discharge takes place through a vacuum, a faint hissing 
sound is heard, or all sound may entirely disappear. 

(7.) Luminous elfects resulting from molecular bombard- 
ment occurring in comparatively high vacua. These lumi- 
nous effects may result : 

(a.) From actual incandescence of some refractory ma- 
terial produced by the blows of the molecules ; or, 

(b.) As a result of phosphorescence or fluorescence due 
to such blows. 

Canary glass, or glass stained by uranium oxide, fluor- 
esces and emits a yellowish green light ; solution of sulphate 
of quinine emits a bluish light. 

Concerning the physiological effects of the elec- 
tric discharge, W. H. Preece, in the revised edi- 
tion of the '' Student's Text-Book of Electricity/' 
by Noad,* on page G7, remarks : 

The sensation experienced when the body is made part 

* *• The Student's Text-Book of Electricity." by Henry M. Noad. 
Revised by W. H. Preece. London: Crosby, Lock wood & Co. 1879, 
615 pages, 471 illustrations. Price, |A.OO. 
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of an electric circuit through which a Leyden phial is dis- 
charpred is too universally known to need description. 

A small charge determined down the spine generally 
causes a person to fall to the ground ; the discharge of a 
powerful battery in the same direction would probably 
prove fataL 

Animals the most tenacious of life are destroyed by 
energetic shocks, passed through them. Van Marum found 
that eels are instantly killed when moderate shocks are sent 
through their bodies. It was first shown by Dr. Watson, 
soon after the discovery of the Leyden phial, that the shock 
may be transmitted through the bodies of several men 
touching each other. For this purpose, all must join hands, 
the first touching the outside of the phial, and the last the 
knob ; those in the center will receive a less violent shock 
than those near the two extremities of the chain, a phe- 
nomenon which favors the hypothesis of two fluids. Dr. 
Watson in 1747 conveyed the electric shock across the 
Thames at Westminster Bridge, and a few days after he 
caused it to make a circuit of two miles at the New River 
at Stoke Newington. The Abbe Nollet communicated a 
shock to an entire regiment of 1,300 men ; and at the con- 
vent of Carthusians the shock from the discharge of a 
large Leyden jar was felt by every individual in a circuit 
which comprised 5,400 feet. 

The bodies of animals killed by a powerful shock of 
electricity are found to undergo rapid putrefaction, and it 
is a remarkable fact that af t^r death the blood does not 
coagulate. 

When the Leyden phial was fii*st discovered, it was im- 
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agined that an agent of almost unlimited medica iK>wer 
was raised, and it was applied indiscriminately for the cure 
of the most opposite diseases. The failures consequent on 
such quackery brought electricity into disrepute, and for a 
long time its use was almost discarded. It is now more gen- 
erally employed, and has been found of service in many 
cases, such as palsy, contraction of the limbs, rheumatism, 
St. Vitus' dance, some kinds of deafness and impaired vision. 



\ I 



IV.— ELECTRIC SOURCES. 



It is a mistake to suppose that it is difficult to 
produce electricity. In point of fact, electricity is 
constantly being produced during the phenomena of 
everyday life, and its presence would manifest itself 
were it not so readily dissipated. In other words, 
there are many ways of producing electricity besides 
the friction or rubbing of one substance against an- 
other. 

Among the most important of these ways may be 
mentioned chemical action, differences of tempera- 
ture, the motion of conductors past magnets, and 
the various physical and chemical processes that 
occur during the life and growth of plants and ani- 
mals. 

It was formerly believed that electricity produced 
by any one of these different ways differed from that 
produced by any other way. It is now known, how- 
ever, that no matter how electricity is produced, it 
is one and the same thing. 

Although the oneness of electricity, however pro- 
duced, is now thoroughly recognized, yet it is found 

convenient, in practice, to employ the old terms, 

(67) 
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which characterize the kind of electricity by the 
source from which it is obtained. Although these 
terms no longer possess the significance formerly 
given to them as representing different kinds of elec- 
tric force, yet they are still generally employed. 

These names are as follows : 

(1.) Frictional Electricity, or that produced by 
the friction of one substance against another. 

(2.) Voltaic Electricity, or that produced by the 
contact of two dissimilar substances under the influ- 
ence of chemical action. 

(3.) Thermo-Electricity, or that produced by dif- 
ferences of temperature at the junction of two dis- 
similar metals. 

(4.) Pyro-Electricity, or that produced by differ- 
ences of temperature in certain crystalline solids. 

(5.) Photo-Electricity, or that produced by the 
action of light. 

(6.) Magneto-Electricity, or that produced by the 
motion of conductors past the poles of permanent 
magnets. 

This is a variety of, 

(7.) Dynamo-Electricity, or that produced by the 
motion of conductors past electromagnets ; and, 

(8.) Vital Electricity, or that produced under the 
influence of life, or accompanying life. 
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Any contrivance or arrangement of parts by means 
of which electricity can be produced is called an 
electric source. 

Although the exact nature of electricity is un- 
known, yet in all cases energy must be expended in 
order to produce it ; and, moreover, the expenditure 
of a certain amount or quantity of energy should 
produce a definite quantity or amount of the thing 
called electricity. 

Electric sources can be conveniently arranged in 
groups or classes, according to the character of the 

ft 

energy which has been expended in producing the 
electricity, or according to the manner in which such 
energy acts. The following classification of elec- 
tric sources is based on this : 



Electric 
sources. 



Name of Source, 



Kind of Energy, 



^ Mechanical energy or en- 
erKV of mass motion. 



(1) Frictional elec- 

tric machine. 

(2) Hydro-electric 

machine. 
(8) Magneto-electric 
machine. 

(4) Dynamo-electric 

machine. 

(5) Voltaic cell. '] 

(6) Charged storage )■ Chemical potential en- 

cell. I ergy. 

(7) Thermo-electric 1 

(8) cS^stel of tour- \ ^^^^^* ^°^^gy- 

maline. j 

(9) Vital electricity. Vital energy. 
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When it is desired to obtain electricity bj friction 
in & more constant manne? than by the mere rnb- 
bing of one substance against another, some form 
of frictional electrical machine is employed. A 
welUknown form of such machine is shown in Fig. 
23. Here electricity is produced by the friction of 




Fie. S3.— Frictional Blkctrio Haohinb. 

a glass plate A, against a rubber B, covered with 
some kind of cloth, over the sui-face of which an 
amalgam of mercury and tin has been spread. The 
electricity produced on the plate, by the friction of 
the glass against the rubber, is carried off from the 
plate to the insulated conductor D, by means of a 
comb furnished witli metallic points placed in elec- 
trical connection with the conductor D. In this 
way the conductor D, receives a positive charge, 
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while, at the same time, h smaller metiillic coudiictor 
O, connected with the rubber, receivcB a negativo 
charge. 




A Tanety of f notional eketiical ma ! i e ii 
which the charge is produced bv tl e fiictioa of 
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drops of water aguinst one another is shown in Fig. 
34. This form of machine is known aa Armstrong's 
hydro-electric machine. 

The electric charge is produced by the friction of 
drops of water against one another, and, poseibly, 
also by their friction against the surface of the 
water itself. 




Fra. gj.— TsB GRSNfcr Celi- 

The hydro-electric machine was accidentally dis- 
covered by means of a shock given to an engineer 
of a locomotive. The engineer, while endeavoring 
to mend a leaky boiler, placed his hand in the escap- 
ing steam and received an electric shock. The 
manner of the production of this electricity was 
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studied by Sir William Armstrong, who afterward 
devised the apparatus shown in the figure. 

The voltaic cell forms an exceedingly important 
source of electricity. In this variety of source the 
electricity is produced by chemical action. 

A well-known form of such an electric source, the 
bichromate or Grenet cell, is shown in Fig. 25. 
The Grenfit cell consists essentially of two plates of 
carbon with a plate of zinc placed between them. 




Fia. 28.— Production of Thbrmo-EIlecjtricity, 



The platen are dipped in an acid liquid that attacks 
or dissolves the zinc plate. Electricity is produced 
as a result of the chemical action thus set up. 
This form of electric source is called a voltaic cell 
after Alexander Volta, Avho first showed how elec- 
tricity could bo produced by chemical action. 

Electrioity produced by chemical action is gener- 
ally calle4 vpUilic electricity. 
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Electric charges can bo produced by differences 
of teinpenitui-e. If a short cylinder of blBinnth, 
/, be placed ae shown in Fig. 26, in a gap in the 
hollow rectangle of copper A B, and the rectangle 
he unequally heated, as by the flame F, of an alco- 
hol lamp placed as shown, a constant electric dis- 
charge will pass through the metallic path provided 



v^ 



Fia. S7.— Proddohoh or Pibo-Blbotbiciti. 

by the rectangle, and the magnetic needle M, will 
be deflected by such discharge. 

Here electricity is produced by differences of tem- 
perature. If all parts of the rectangle were equally 
heated, no electricity would be produced. 

Electricity produced in this manner by differences 
of temperature ia called thermo-electricity. 
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When certain crystalline bodies are unequally 
heated, electricity is produced as long as they remain 
unequally heated. 

If, for example, a crystal of a mineral called 
tourmaline be unequally heated, one end of the crystal 
will, while the temperature is rising, acquire a posi- 
tive charge, and the other end a negative charge. 
While the temperature of the crystal is falling, oppo- 
site charges are produced. Such a crystal is shown 
in Fig. 27. The end A, which acquires a positive 
electrification while the temperature of the crystal is 
rising, is called the analogous pole. The opposite 
end By is called the antilogous pole. 

A heated tourmaline crystal, if suspended by a 
silk fibre, will be attracted or repelled by a second 
heated tourmaline, like any other charged body. 

Electricity produced in this way, in crystalline 
bodies, by differences of temperature is called pyro- 
electricity. 

At the present time nearly all the powerful elec- 
tric discharges required for the production of electric 
light or power are obtained by the motion of con- 
ductors past the poles of permanent or electromag- 
nets. 

The electricity is produced in a coil of wire 
called an armature during its rapid rotation past the 
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magnet poles. In the case of magneto-electricity 
this motion takes place past the poles of penna- 
neut magnets. In the case of dynamo-electricity the 
motion takes place past the poles of electromagnets. 
In Fig. 28 ia shown a well-known form of mag- 
neto-electric machine in which the electricity is pro- 
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duced in coils of wire placed on an armature, on their 
rapid rotation past the poles of a permanent mag- 
net. 

In Fig. 29 is shown a well-known form of dy- 
namo-electric machine. Here, on the rotation of the 
armature by the movement of a belt over the pulley 
shown to tlie right, powerful discharges required for 
lighting or power purposes are obtained. 

Electricity is produced during the growth of both 
animals and plants. During active growth plants 
form an appreciable source of electricity. 
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Buff has siiown that the roota and interior por- 
tions of plants Hre always negatively charged, while 
the flowers, fruits auil green twigd are positively 
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Plant tissues or fibres exhibit a true contraction 
on the passage of an electric discharge through 
them. Electricity is produced in the bodies of all 
animals during life. Some animals in addition to 
this electricity, which ia essential to their life, pos- 
sess the ability of producing sufficiently powerful 
discharges to serve as a protection against their ene- 
mies. This is the case both in the electrio eel and 
the electric my. 
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Pig. 30 ahowB the appearance of an electric ray. 
The electric organ of this animal is situated at the 
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buck of the liead, and consiBts of hundreds of poly- 
gonal, cellnlar laminje, supplied with numerous 
nerve Uhrut). 
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EXTRACTS FROM STANDARD WORKS. 

John W. Urquhart, in his work on ^^ Dynamo 
Construction/** page 1, remarks as follows concern- 
ing the distinction between a dynamo-electric ma- 
chine and a magneto-electric machine : 

The word " dynamo" has by the force of common usage 
become equivalent to the longer term dynamo-electric 
machine. But, as employed in connection with electricity, 
the abbreviated form is not likely to cause confusion. In 
the light of the rapid improvements of the past five years 
it seems unfortunate, however, that so apt a term as dy- 
namo-electric machine should have only a limited applica- 
tion to electric generative machines. 

Although it was originally proposed by Dr. Werner Sie- 
mens to distinguish an important development in the earlier 
form of power electrical machines, and served the purpose 
very well at that time, yet the progress of electrical inven- 
tion exhibits at the present day greater differences between 
the two "dynamos" than ever existed between the early 
magneto-machine and its self-energizing offspring. 

Any machine moved by mechanical means, and adapted 
to convert the power of motion into the energy of electricity , 
may he called a dynamo. The older mag aeto-elec trio 

**' Dynamo Construction," a practical* handbook for the use of 
engineers, constructors and elcctricians-m-char^^e, by John W. Ur- 
quhart. London: Crosby, Lock wood & Co. 1891. 352 pages, 
113 iUustrationB. Price, $3.00. 
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machines effected nothing less than this, yet a Magneto* 
Electric Machine — an apparatus in which steel magnets 
are used to furnish the ** magnetic field" — is not strictly, 
by common consent, regarded as a dynamo. 

A dynamo is really a magneto-electric machine in which 
the "field" is maintained by that form of iron magnet 
called electro, the electromagnet being ** electrified*^ or ex- 
cited by the current of the machine itself. 

Magneto-electric machines are an almost obsolete type. 
Every year renders the distinction between them and dyna- 
mos less marked, and they are gradually becoming recog- 
nized as merely an old-fashioned pattern of the dynamo. 

The duty of the dynamo is the conversion of one form 
of energy into another form of energy. But it has been 
discovered that a dynamo is a reversible machine. When 
it is driven by a steam engine, it returns a large proportion 
of the power expended upon it in the form of an electric 
current. When, on the contrary, the dynamo is "fed" 
with an electric current, it becomes itself a motor. An 
electric motor is merely a dynamo with its function re- 
versed. While in the first sense it is dynamo-electric, in 
the second sense it becomes electro-dynamic. The dynamo 
may thus be regarded as a machine which is adapted either 
to convert mechanical energy into electricity, or electrical 
energy into mechanical power. 
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In the commercial applications of electricity 
various electric sources are employed in order to 
obtain one or another of the electrical effects pro- 
duced by the passage of electric discharges. These 
effects are produced by the passage of the discharge 
through a variety of apparatus called electro- 
receptive or translating devices. 

A thorough understanding of the operation of 
the various electro-receptive devices cannot be had 
without considerable knowledge of the principles 
of elective science. In order, however, to become 
acquainted with the many purposes for which elec- 
tricity is employed in the arts, a general description 
of some of the most important electro-receptive 
devices will be given. 

Electro-receptive devices consist essentially of con- 
trivances placed in or near the path of an electric 
discharge so as to be traversed or influenced by 
such discharge. Such devices, on the passage of a 
discharge through them, or, on their being influ- 
enced by the neighborhood of such discharges, have 

produced in them various mechanical, thermal, 

(71) 



72 SLMCTRPJITT AND MAGSETtSJIL 

luminoaS; magnetic^ chemical or physiolc^icftl 
effects* 

A convenient classification of electro-receptiTC 
devices is based on the character of the effects 
which anch devices are intended to prodnce. 

It is a well known principle in science that 
energy mast be expended in order to prodnce any 
phenomenon. In none of the changes to which 
matter in subject can energy be annihilated. It 
may di.'^appear in one form, but only to reappear in 
some other form. Excellent examples of this prin- 
ciple are seen in the expenditure of Tarious forms 
of enerofv, in the different varieties of electric 
sources, for the proiluetion of electricity. 

In the same manner the expenditure of electrical 
energy, during the passage of a discharge through a 
co?iductor, results in the production of various other 
forms of energy, as is witnessed by the different 
kindn of effects produced. 

Various mechanical effects are produced by the 
passage of a discharge through a conductor. One 
of tlio ?noHt important applications of such is seen in 
tlie electric motor. 

A well-known form of electric motor, suitable for 
purpoHCH where a small amount of energy is required, 
is shown in Fig. 31. Such an electric motor is 
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practically of the eame general coiiBtniction as a 
dynamo electric machine. When, however, electric- 
ity is passed through the motor, a rapid rotation of 
its armature is pi-oduced. In poiut of fact a dy- 
namo-electric machine may be employed as a motor ; 
for, if an electric discharge be sent through the ma- 
chine, its armature will rotate and furnish mechani- 
cal power. 




One of the great advantages which results from 
the nee of electricity as a motive power comes from 
the ease with which considerable energy can be 
transmitted from one place to another, even though 
■ach places be great distances apart. Suppose, for ex- 



1i 
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ample^ that it is required to utilize the power of a 
waterfall, situated say 10 or 20 miles outside a city^ 
or other location, at which the mill or factory, 
whose machinery is to be driven, is situated. By 
the electric transmission of power, it is only neces- 
sary to employ a water wheel to drive a dynamo- 
electric machine and to send the electric discharges so 
produced through a wire or conductor connecting the 
dynamo with an electric motor at the distant place. 
C When a disruptive discharge occurs, 
heat is produced. This heat is used in 
some forms of electric fuses for the ignition 
of a fuse by means of which a charge is 
fired. An electric fuse, therefore, forms 
an example of an electro-receptive device 
operated by the heat of a discharge. Such 
an electric fuse is shown in Fig. 32, in 
which a covered conductor, C, leads the 
discharge to a break or gap between two 
platinum terminals at A B. The spark 
at this point causes the ignition of the 
]_ powder, or of a primer of gun cotton. 

The electric heater forms another ex- 
ample of an electro-receptive device in 
which the heating power of the discharge is utilized. 
The electric heater consists essentially of a wire or 



Fig. 32.- 

Electrio 

Fuse. 
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other conductor which, poaseesiug considerable re- 
sistance, becomes highly heated by the passage at 
an electric discharge. 

Examples of electro-i-ecuptive devices, which de- 




pend for their operation on the luminous effects pro- 
daced by a discharge, are seen in the urc and incan- 
descent electric lamps. 

A simple form of arc lamp is shown in Fig. 33. A 
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voltaic arc ia produced between two carbon pointe or 
electrodes that, during their consumption, are main- 
tained at aconptant distance apart by means of a regn- 
lating device operated by electro-magnets. The de- 
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vice is placed in the bos slioiui Jn the upper part of 
the lump. 

In the incandescent electric lamp shown in Fig. 
34, a filament of carbon, shaped aa shown, is raised to 
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incaQdescence by the passage through it of an elec- 
tric discharge. In order to prevent the incandescent 
carbon from being rapidly conBumed, and thus de- 
creasing the lifcj or efficient existence, of the lamp, 
the lamp chamber is exhausted of nearly all the air 
it originally contained. 




Fio 8S —Electro 



The magnetic eftetts of an elecfciic di&charge are, 
perhaps, used m a grsiitci \aiiitvof electio lecep- 
tive deTices than unj othei efftut 

Ac electro- magnet consists essentially of coils of 
insulated wire wrapped around a core of soft iron. 
When the coils are traversed by an electric discharge 
the core is rendered strongly magnetic and would 
tend to attract any mass of iron held near it. As 
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SDon as the discharge ceases to pass through the coils, 
the core loses its magnetism. If, therefore, an easily 
movable mass of soft iron, called an armature, be 
placed near the electromagnet, but prevented from 
actually touching it by the action of a spring, on 
alternately starting and stopping the discharge 
through the coils, the armature, under the alternate 
action of the force of magnetism and the elasticity 




Fig. 36.— Telephone. 

of the spring, will be alternately drawn toward and 
away from the electromagnet, or will have a rapid 
to-and-fro motion produced in it. 

In the electro-magnetic bell shown in Fig. 35, a 
hammer, K, is attached to the soft iron armature of 
the electro-magnet e. On rapidly intermitting the 
discharge through the coils of the electromagnet, the 
bell is rung by the to-and-fro motions of the armature. 
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Exceedingly valuable applications of electromag- 
nets are seen in telegraphic and telephonic apparatus. 

A form of telephone is shown in Fig. 36. In this 
well-known form of apparatus a flexible diaphragm 
of sheet iron is supported near the poles of a steel 
magnet, around one end of which a coil of insu- 
lated wire is wrapped. If a person talks against the 
diaphragm, the sound waves cause it to move toward 
and from the magnetic pole. These to-and fro motions 
produce, in the coil of wire wrapped thereon, electric 
charges that are stent into a line or conductor which 
runs to a distant station, where it is connected to a 
receiving instrument. As the discharges pass 
through the coils of wire wrapped around the 
poles of the receiving instrumiBut, they produce 
in its diaphragm to-and-fro motions exactly similar 
to those produced by the sound waves in the dia- 
phragm of the transmitting instrument. 

Any one listening, therefore, at the diaphragm of 
the receiving instrument will hear all that has been 
spoken into the transmitting instrument. 

There are many forms of electro-receptive devices 
that are operated by the chemical effects of the elec- 
tric discharge. An uncharged storage battery is an 
example of one of such devices. A well-known form 
of storage battery is shown in Fig. 37. The electric 
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Electric charges can be produced by differences 
of temperature. If a short cylinder of bismuth, 
y, be placed as shown in Fig. 26, in a gap in the 
hollow rectangle of copper A B, and the rectangle 
be unequally heated, as by the flame F, of an alco- 
hol lamp placed as shown, a constant electric dis- 
charge will pass through the metallic path provided 




iia 
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by the rectangle, and the magnetic needle Jf, will 
be deflected by such discharge. 

Here electricity is produced by differences of tem- 
perature. If all parts of the rectangle were equally 
heated, no electricity would be produced. 

Electricity produced in this manner by differences 
of temperature is called thermo-electricity. 
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When certain crystalline bodies are unequally 
heated, electricity is produced as long as they remain 
unequally heated. 

If, for example, a crystal of a mineral called 
tourmaline be unequally heated, one end of the crystal 
will, while the temperature is rising, acquire a posi- 
tive charge, and the other end a negative charge. 
While the temperature of the crystal is falling, oppo- 
site charges are produced. Such a crystal is shown 
in Pig. 27. The end A, which acquires a positive 
electrification while the temperature of the crystal is 
rising, is called the analogous pole. The opposite 
end B, is called the antilogous pole. 

A heated tourmaline crystal, if suspended by a 
silk fibre, will be attracted or repelled by a second 
heated tourmaline, like any other charged body. 

Electricity produced in this way, in crystalline 
bodies, by differences of temperature is called pyro- 
electricity. 

At the present time nearly all the powerful elec- 
tric discharges required for the production of electric 
light or power are obtained by the motion of con- 
ductors past the poles of permanent or electromag- 
nets. 

The electricity is produced in a coil of wire 
called an armature during its raj)id rotation past the 
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magnet poles. In the case of magneto- electricity 
this motion takes place past the poles of perma- 
nent magnets. In the case of dynamo-electricity the 
motion takes place past the poles of electromagnets. 
In Fig. 28 is shown a well-known form of mag- 
neto-electric machine in which the electricity is pro- 




Fia. 2S.~-MAGNETO -Electric Machikr. 



duced in coils of wire placed on un armature, on their 
rapid rotation past the poles of a permanent mag- 
net. 

In Fig. 29 is shown a well-known form of dy- 
namo-electric machine. Here, on the rotation of the 
armature by the movement of a belt over the pulley 
shown to the right, powerfnl discharges required for 
lighting or power purposes are obtained. 

Electricity is produced during the growth of both 
animals and plants. During active growth plants 
form an appreciable source of electricity. 
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Bnff liaa aliown that the roots and interior por- 
tions of plants are alwHys negatively charged, while 
the flowers, fruits and green twigs are positively 
charged. 



■\ 
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Plant tissues or flhres eshihit a true contraction 
on the passage of an electric discharge through 
them. Electricity is produced in the bodies of all 
animals during life. Some animals in addition to 
this electricity, which is essential to their life, pos- 
sess the ability of producing auBlciently powerful 
discharges to serve as a protection against their ene- 
mies. Thia is the case both in the electric eel and 
the electric ray. 
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Pig. 30 shows the appeai'ance of an electric ray. 
The electric organ of this animal is situated at the 
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back of the heaj:!, and cousiets of hundreds of poly- 
gonal, celUilar lamina, supplied with numerous 
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EXTRACTS FROM STANDARD WORKS, 

John W. TJrquharfc, in his work on ^' Dynamo 
Construction/^ * page 1, remarks as follows concern- 
ing the distinction between a dynamo-electric ma- 
chine and a magneto-electric machine : 

The word " dynamo" has by the force of common usage 
become equivalent to the longer term dynamo-electric 
machine. But, as employed in connection with electricity, 
the abbreviated form is not likely to cause confusion. In 
the light of the rapid improvements of the past five years 
it seems unfortunate, however, that so apt a term as dy- 
namo-electric machine should have only a limited applica- 
tion to electric generative machines. 

Although it was originally proposed by Dr. Werner Sie- 
mens to distinguish an important development in the earlier 
form of power electrical machines, and served the purpose 
very well at that time, yet the progress of electrical inven- 
tion exhibits at the present day greater differences between 
the two "dynamos" than ever existed between the early 
magneto-machine and its self-energizing offspring. 

Any machine moved by mechanical means^ and adapted 
to convert the power of motion into the energy of electricity ^ 
may he caUed a dynamo. The older magneto-electric 

*'* Dynamo Construction," a practical* handbook for the use of 
engineers, constructors and elcctricians-in-charge, by John W. Ur- 
quhart. London: Ciosby, Lock wood & Co. 1891. 352 pages, 
1 13 iUnsirations. Price, $3. 00. 
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machines effected nothing less than this, yet a Mcugneto* 
Electric Machine — ^an apparatus in which steel magnets 
are used to furnish the "magnetic field" — is not strictly, 
by common consent, regarded as a dynamo. 

A dynamo is really a magneto-electric machine in which 
the "field" is maintained by that form of iron magnet 
called electro, the electromagnet being ^^ electrified ** or ex- 
cited by the current of the machine itself. 

Magneto-electric machines are an almost obsolete type. 
Every year renders the distinction between them and dyna- 
mos less marked, and they are gradually becoming recog- 
nized as merely an old-fashioned pattern of the dynamo. 

The duty of the dynamo is the conversion of one form 
of energy into another form of energy. But it has been 
discovered that a dynamo is a reversible machine. When 
it is driven by a steam engine, it returns a large proportion 
of the power expended upon it in the form of an electric 
current. When, on the contrary, the dynamo is "fed" 
with an electric current, it becomes itself a mx)tor. An 
electric motor is merely a dynamo with its function re- 
versed. While in the first sense it is dynamo-electric, in 
the second sense it becomes electro-dynamic. The dynamo 
may thus be regarded as a machine which is adapted either 
to convert mechanical energy into electricity, or electrical 
energy into mechanical power. 



v.— ELECTRO-RECEPTIVE DEVICES. 



In the commercial applications of electricity 
various electric sources are employed in order to 
obtain one or another of the electrical effects pro- 
duced by the passage of electric discharges. These 
effects are produced by the passage of the discharge 
through a variety of apparatus called electro- 
receptive or translating devices. 

A thorough understanding of the operation of 
the various electro-receptive devices cannot be had 
without considerable knowledge of the principles 
of electric science. In order, however, to become 
acquainted with the many purposes for which elec- 
tricity is employed in the arts, a general description 
of some of the most important electro-receptive 
devices will be given. 

Electro-receptive devices consist essentially of con- 
trivances placed in or near the path of an electric 
discharge so as to be traversed or influenced by 
such discharge. Such devices, on the passage of a 
discharge through them, or, on their being influ- 
enced by the neighborhood of such discharges, have 

produced in them various mechanical, thermal, 

(71) 
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luminous, magnetic, chemical or physiological 
effects. 

A convenient classification of electro-receptive 
devices is based on the character of the effects 
which such devices are intended to produce. 

It is a well known principle in science that 
energy must be expended in order to produce any 
phenomenon. In none of the changes to which 
matter is subject can energy be annihilated. It 
may disappear in one form, but only to reappear in 
some other form. Excellent examples of this prin- 
ciple are seen in the expenditure of various forms 
of energy, in the different varieties of electric 
sources, for the production of electricity. 

In the same manner the expenditure of electrical 
energy, during the passage of a discharge through a 
conductor, results in the production of various other 
forms of energy, as is witnessed by the different 
kinds of effects produced. 

Various mechanical effects are produced by the 
passage of a discharge through a conductor. One 
of the most important applications of such is seen in 
the electric motor. 

A well-known form of electric motor, suitable for 
purposes where a small amount of energy is required, 
is shown in Fig. 31. Such an electric motor is 
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practically of the same general construction as a 
dynamo electric machine. When, howovor, electric- 
ity is passed throngh the motor, a rapid rotation of 
its armature is produced. In point of fact a dy- 
namo-electric machine may be employed as a motor ; 
for, if an electric discharge be sent through the ma- 
chine, its armstare will rotate and furnish mechani- 
oal power. 




Ho. 31.— Eliot 



One of the great advantages which results from 
the use of electricity as a motive power comes from 
the ease with which considerable energy can be 
transmitted from one place to another, even though 
Bnoh places be great distances apart. Suppose, for ex- 
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ample, that it is required to utilize the power of a 
waterfall, situated say 10 or 20 miles outside a city^ 
or other location, at which the mill or factory, 
whose machinery is to be driven, is situated. By 
the electric transmission of power, it is only neces- 
sary to employ a water wheel to drive a dynamo- 
electric machine and to send the electric discharges so 
produced through a wire or conductor connecting the 
dynamo with an electric motor at the distant place, 
c When a disruptive discharge occurs, 
heat is produced. This heat is used in 
some forms of electric fuses for the ignition 
of a fuse by means of which a charge is 
fired. An electric fuse, therefore, forms 
an example of an electro-receptive device 
operated by the heat of a discharge. Such 
an electric fuse is shown in Fig. 32, in 
which a covered conductor, C, leads the 
discharge to a break or gap between two 
platinum terminals at A B, The spark 
at this point causes the ignition of the 
powder, or of a primer of gun cotton. 

The electric heater forms another ex- 
ample of an electro-receptive device in 
which the heating power of the discharge is utilized. 
The electric heater consists essentially of a wire or 



Fig. 32.— 

Electric 

Fuse. 
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other conductor which, poaseasiug considerable re- 
stetaoce, becomes highly heated by the passage of 
an electric discharge. 

Examples of electro-recuptive devices, which de- 




Fio.33.- 

pend for their operation ou the lumiuous efiecte pro- 
dnced by a discharge, are aeon in the are and incan- 
descent electric lamps. 

A aimple form of are lamp is shown in Fig. 33. A 



76 



ELBCTBICITT AND MJONETlSM. 



voltaic arc is produced between two carbon pointe or 
electrodes that, during their consumption, are main- 
tained at aconetantdistanceapartbj means of a regu- 
lating device operated by electro-magnets. The de- 




Fia. 31.— Incandescent Klbctric Lamp. 



vice is placed iu tlie bos sliowu in tlie upper part of 
the lamp. 

In tlie incandescent electric lamp shown in Fig. 
34, a filament of carbon, sha])e<l aa shown, is raised to 
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incandescence by the passAge through it of an elec- 
tric diecliarge. In order to prevent the incandescent 
carhon from being rapidly consumed, and tlms de- 
creasing the life, or efficient existence, of the lamp, 
the lamp chamber is exhausted of nearly all the air 
it originally contained. 




The magnetic effects of an electric discharge are, 
perhaps, used in a greater variety of electro -recep- 
tive devices than any other effect. 

An electro- magnet consists essentially of coils of 
insulated wii'e wrapped aronnd a core of soft iron. 
When the coils are traversed by an electric disclmrge 
the core is rendered strongly magnetic and would 
tend to attract any mass of iron held near it. As 
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S3on as the discharge ceases to pass through the coils, 
the core loses its maornetism. If, therefore, an easily 
movable mass of soft iron, called an armature, be 
placed near the electromagnet, but prevented from 
actually touching it by the action of a spring, on 
alternately starting and stopping the discharge 
through the coils, the armature, under the alternate 
action of the force of magnetism and the elasticity 




Fig. 36.— Telephone. 

of the spring, will be alternately drawn toward and 
away from the electromagnet, or will have a rapid 
to-and-fro motion produced in it. 

In the electro-magnetic bell shown in Fig. 35, a 
hammer, K, is attached to the soft iron armature of 
the electro-magnet e. On rapidly intermitting the 
discharge through the coils of the electromagnet, the 
bell is rung by the to-and-fro motions of the armature. 
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Exceedingly valuable applications of electromag- 
nets are seen in telegraphic and telephonic apparatus. 
•A form of telephone is shown in Fig. 36. In this 
well-known form of apparatus a flexible diaphragm 
of sheet iron is supported near the poles of a steel 
magnet, around one end of which a coil of insu- 
lated wire is wrapped. If a person talks against the 
diaphragm, the sound waves cause it to move toward 
and from the magnetic pole. These to-and fro motions 
produce, in the coil of wire wrapped thereon, electric 
charges that are fi>ent into a line or conductor which 
runs to a distant station, where it is connected to a 
receiving instrument. As the discharges pass 
through the coils of wire wrapped around the 
poles of the receiving instrumiBut, they produce 
in its diaphragm to-and-fro motions exactly similar 
to those produced by the sound waves in the dia- 
phragm of the transmitting instrument. 

Any one listening, therefore, at the diaphragm of 
the receiving instrument will hear all that has been 
spoken into the transmitting instrument. 

There are many forms of electro-receptive devices 
that are operated by the chemical effects of the elec- 
tric discharge. An uncharged storage battery is an 
example of one of such devices. A well-known form 
of storage battery is shown in Fig. 37. The electric 



80 ELBOTSICITT AND MAOHBTiaM. 

discharge is paaeed between two lead plat«s immersed 
in dilute snlphnric acid. On its passage, chemical 
actions are produced in these plates that enable them, 
when the discharge ceases to pass, to fumieh an 
electric discharge like an ordinary voltaic battery. 

Another variety of electro- receptive device, de- 
pending for its action on the chemical effects of the 
discharge, is seen in a plating bath. 




Fro. 37.— Stobaob BiTivar. 



The articles to be plated are immersed in a bath, 
containing a solution of a salt of silver, by suspending 
them from a suitably supported metallic rod. This 
rod is connected to one of the terminals of an elec- 
tric source, the other terminal of which is con- 
nected to a similar metallic rod from which is sus- 
pended a plate of silver. 

As the discharge of the battery passes through the 
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liquid the silver la slowly dissolved from the silver 
plate and deposited in a firmly adherent layer on t 
articles to be plated. 

A plating or coating ao obtained is called an elec- 
troplating. 




Via. 38.— TnANSf^lRMER. 



Beeides the eiectro-receptive devices already men- 
I tinned, there are a great variety of others. 

A device called a traneformer is shown in 
1 Fig. 38. A transformer is a device by meaus of 
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EXTRACTS FROM STANDARD WORKS. 

Urquhart, in his ** Electric Light Fitting/^* page 
88, speaks thus of the advantages possessed by arc 
lighting : 

A great deal of the trouble that has hitherto been en- 
countered in the general utilization of arc lamps has arisen 
from ignorance on the part of those fitting up the circuit 
for or attending to the arc lamps. Now that the lamps and 
currents are becoming better known more skilled attention 
is given to them, and a great impetus has thereby been 
imparted to arc lighting. It may also be pointed out that 
the revival of arc lighting (which until lately appeared like- 
ly to be eclipsed by incandescent lighting) is due in a con- 
siderable degree to improvements in the lamps themselves, 
to more effective insulators, superior methods of automatic 
r-egulation at the dynamos, and to a better quality of carbons. 
The wonderful cheapness of the arc light, compared to 
the incandescent light, would prove a strong inducement to 
many to adopt it in place of gas, were it practical to obtain, 
in ordinary commerce, plants that could be depended upon 
to yield a reliable and steady light. The general opinion of 
the arc light was, until very lately, that it has not yet passed 
the experimental stage, and that it was, in consequence, 
erratic and unreliable. 



« " Elecfcrio Light Fitting," a Handbook for Working Electrical 
liiifirineers, by John W. Urquhart. London: Crosby, Look wood & 
Co. 1990. 226 pages, 89 illustrations. Price. $2.00. 
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It should now be the aim of every one interested in the 
new light to remove that impression, and to assist in spread- 
ing the general conviction that arc lighting can be depended 
upon ; that it is inexpensive and safe. 

This can only be effected by first understanding the na- 
ture of the arc lighting current, the nature of the dynamo 
producing it, the best means of controlling it, the most 
effective method of distributing the light, and the working 
and care of the lamp itself. In one item alone (carbons) the 
cost of running the light has recently been greatly reduced. 
And by such improvements as the substitution of a lami- 
nated for a solid armature core in a dynamo, the cost of the 
light has been reduced by one-third. 

When arc lamps run from dynamos were first brought 
into use only one lamp could be put into the circuit of one 
machine. This was justly considered a great bar to the 
diffusion of the light, and altogether a costly system, neces- 
sitating as it did powerful lamps, only suitable to restricted 
areas. When Jablochkoff introduced his electric candle it 
was thought that arc lamps were entirely superseded, since 
several candles could be burned in the circuit of one 
dynamo. But an improvement was soon effected in the 
arc lamp, which opened up a means for putting any num- 
ber into the circuit of one machine. We may glance at 
the early form and the improved form. 
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When the charge on anybody is passed into another 
J)ody, or in other words, when an electric discharge 
occurs, an electric current is produced. 

As we have already seen, the amount of the elec- 
tric discharge varies greatly indifferent cases. Some 
discharges are powerful, while others are quite weak. 
The strength of an electric current depends on the 
quantity of electricity which passes ilhrough the 
conducting path by means of which tlie electricity is 
transferred from the charged body to the body that 
is to receive its charge. 

An electric current may, therefore, be defined to 
be the quantity of electricity which passes through a 
conductor in a given time ; or, more precisely, as the 
rate at which a definite quantity of electricity passes 
through a conductor or circuit. 

An electric discharge, therefore, is the same as an 
electric current, and the effects already mentioned as 
the effects of electric discharges are also the effects 
of electric currents, viz. : 

(1.) MechanicaL (3.) Luminous. (5.) Chemical. 

l2.) Thermal (4.) Magnetic. (6.) Physiological. 

(85) 
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The object of electric sources is to produce by 
means of discharges or currents some of these effects 
in various electro- receptive devices through which 
the currents pass. In order to permit this passage 
of the current through the elect ro-raceptive devices, 
the devices are connected with the electric eourcts 
by means of suitable conducting paths. Such a path 
forms what is called an electric c 
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The electricity flows or passes out of the electric 
source, enters the circuit, and, ufter passing through 
the electro- receptive devices placed therein, returns 
by the way of the circuit back again to the source. 

The connections of an electric source, a conduct- 
ing path, and an electro -receptive device to one an- 
other so as to form a circuit, are shown in Fig, 40. 
Here the source is represented as a voltaic cell,juid 
the electro-receptive device as an electromagnet.^* 

The point or place in a source from which the 
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current flows out into the circuit, and the point 
where it again enters the source, after having passed 
through the circuit, are called the poles of the source. 

Since the electricity which leaves the source and 
enters the circuit always again enters the source 
after flowing through the circuit, all sources must 
necessarily possess two poles ; viz., the pole where it 
leaves the source and the pole where it re-enters it. 
These poles are called the positive and the negative 
poles. 

As a matter of convenience it is assumed that 
the electric current passes out of a source at its pos- 
itive pole and enters it at its negative pole. The 
symbols + and — are employed to represent the 
positive and negative poles respectively. Thus, in 
Fig, 40, the current is represented as leaving the 
voltaic cell at the plate C, or at the + pole, and, en- 
tering the circuit, taking the path indicated by the 
arrows. After passing through the coils of the elec- 
tromagnet JV" /S', placed therein, it again enters the 
source at the — • pole, or at the plate marked Zn, 

This view, which is now generally accepted, re- 
gards electricity as consisting of a single flow. In 
the opinion of some, however, two opposite currents, 
ot^positive and negative electricities respectively, are 
regarded as flowing through every circuit. This 
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latter view appears both unuecesaary and im- 
probable. 

The points or places on an electro-receptire derice 
at which the current respectively enters and passes 
out are also called poles. As the current enters the 
electro-receptive device at one pole and leaves it at 
another pole, all electro-receptive devices must nec- 
essarily possess at least two poles. 
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That pole of uu electro-receptive device which is 
coonected to the positive pole of a source is called the 
positive pole of the device. That pole which is con- 
nected to the negative pole of a source is called the 
negiitive pole of the device. 

This, as will be seen, iliffera from the usage as 
regards an electric source. It can be readily remem- 
bered, however, that the pole of an electro- roceptive 
device has always the same name as the pole of the 
source with which it is counected. 
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In order to obtain clearer notions concerning the 
flow of electricity thror^h conductors, we may con- 
sider the corresponding case of the flow of water 
through pipes. Suppose the reservoir or source of 
water shown in the vessel C, Fig. 41, be placed in 
communication with the horizontal pipe A By and 
that this pipe is furnished with open, vertical pipes 
at a. b, c, d, e,f, g and B. While the outlet of the 
pipe at B, is closed, the level of the water in the con- 
necting tubes will be the same as it is in the source. 
If, however, the water be allowed to escape from 
the opening B, the level of the water will be found 
on the inclined dotted line, or at a', V, c\ d\ e', f, g', 
or, on what is called the hydraulic gradient. The 
pressure per-square-inch at any cross section of a 
horizontal pipe is measured by the height of the 
liquid in the horizontal pipe, and decreases in the 
direction in which the liquid is flowing. 

The force which urges the liquid through the pipe 
between any two points is measured by the differ- 
ence of pressure between these two points, and may 
be called the water-motive force. 

Consider now the corresponding case of an elec- 
tric source, such, for example, as the dynamo-electric 
machine shown in Fig. 42. Here the dynamo Z>, is 
represented as having one of its poles joined to the 
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earth-coiinecteil plate at E. The current produced 
is supposed to flow or paas out of the source at A, 
to enter and pass through the conductor A B, 
and to return to the source by way of the ground 

plates £'^. 



-~t,_. 
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In carrying out the resemblance between this and 
the preceding figure, wc may regard the dynamo-elec- 
tric machine as a pump that israising electricity from 
a lower to a higher level and continuously passing it 
through the conductor A B, from A, to B. Tlie 
electric pressure or potential producing the flow is 
greatest nciir the dynamo, and least at the furthest 
end, the difference at the points a, h, c, d, e, /, ff, 
being represented by the vertical lines aa', ib', cc', 
dd', ee', ff, and gg'. 

The term electric pressure or potential is used very 
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frequently in electricity. Electricity flows between 
any two points, such, for example, as A and B, in 
virtue of, or on account of the difference of electric 
potential or pressure between these two points, or on 
account of the difference of level between them. 

Just as we called the force that causes the water to 
flow from the reservoir through the pipes connected 
therewith the toater -motive force, we call the force, 
which causes the electricity to flow through the cir- 
cuit connecting the electric source with the electro- 
receptive device, the electromotive force ; or, as it is 
frequently written, the E. M. F. 

The electromotive force may, therefore, be defined 
as the force which causes electricity to flow, or to 
tend to flow, through a circuit. 

In the case of the vessel filled with water at a higher 
level than the level at which the water escapes, the 
flow decreases as the water falls in the vessel. The 
flow continues only while there exists a difference of 
level, or, in other words, the flow is but momentary. 
This is generally the case where a charged body is 
discharged by connection to the earth. 

Electric sources, however, not only produce but 
also maintain a difference of potential. 

In the case of the flow of liquid through a pipe, if 
a continuous current of the liquid be maintained 
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from the higher leTel in the reservoir to a lower levels 
as^ for example^ by means of a pnmp^ it must be 
forced to flow through the pomp to the reservoir, 
from the lower level toward the higher level. 

In case of an electric source, since the thing called 
electricity flows through a closed circuit, if its direc- 
tion of flow in that part of the circuit external to the 
source — i. e., in the external or useful circuit — ^be 
from a higher to a lower level, then its flow through 
the remainder of the circuit — i. e., through the 
source — must be from the lower to the higher level. 
Since, however, the electrical potential of a body 
represents the work the electricity is capable of 
doing, the work done by the electricity may be re- 
garded as being that done when it passes from the 
higher to the lower level. 

The value of the strength of the current, which is 
passing in any circuit, may be determined by means 
of a very important principle first announced by Dr. 
Ohm, and known as Ohm's law. This principle 
may be expressed as follows : The current strength 
in any circuit is directly proportional to the elec- 
tromotive force and inversely proportional to the 
resistance : 
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Calling C the current strength, E, the electromo- 
tive force and R, the electrical resistance, or the 
thing that opposes the passage of electricity through 
a circuit, Ohm^s law may be represented by the 
foregoing formula. 

Prom this formula it is evident that the greater 
the value of B, the electromotive force, and the 
smaller the value of R, the resistance, the greater is 
the value of C, the current. 

We have already seen that an electric circuit nec- 
essarily consists of three parts ; namely, 

(1.) Of an electric source or sources. 

(2.) Of the leads or conductors which connect the 
sources with the electro-receptive devices. 

(3.) Of the various electro-receptive devices that 
are placed in the circuit and are energized by the 
passage of the current. 
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Fia. 43.— An Electric Circuit. 



Each of these parts of the circuit offers an electric 
resistance to the passage of the current through it. 
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from the higher level in the reservoir to a lower level, 
as, for example, by means of a pump, it must be 
forced to flow through the pump to the reservoir, 
from the lower level toward the higher level. 

In case of an electric source, since the thing called 
electricity flows through a closed circuit, if its direc- 
tion of flow in that part of the circuit external to the 
source — i, e,, in the external or useful circuit — be 
from a higher to a lower level, then its flow through 
the remainder of the circuit — i. e., through the 
source — must be from the lower to the higher level. 
Since, however, the electrical potential of a body 
represents the work the electricity is capable of 
doing, the work done by the electricity may be re- 
garded as being that done when it passes from the 
higher to the lower level. 

The value of the strength of the current, which is 
passing in any circuit, may be determined by means 
of a very important principle first announced by Dr. 
Ohm, and known as Ohm's law. This principle 
may be expressed as follows : The current strength 
in any circuit is directly proportional to the elec- 
tromotive force and inversely proportional to the 
resistance : 

^- R 
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Calling C the current strength, B, the electromo- 
tive force and E, the electrical resistance, or the 
thing that opposes the passage of electricity through 
a circuit, Ohm^s law may be represented by the 
foregoing formula. 

Prom this formula it is evident that the greater 
the value of B, the electromotive force, and the 
smaller the value of R, the resistance, the greater is 
the value of (7, the current. 

We have already seen that an electric circuit nec- 
essarily consists of three parts ; namely, 

(1.) Of an electric source or sources. 

(2.) Of the leads or conductors which connect the 
sources with the electro-receptive devices. 

(3.) Of the various electro-receptive devices that 
are placed in the circuit and are energized by the 
passage of the current. 



I 
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Fig. 43.--AN Electric Circuit. 



!Eacli of these parts of the circuit offers an electric 
resistance to the passage of the current through it. 
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Calling the resistance of the source r, as repre- 
sented in Fig. 43, that of the leads or conducfcors 
r, and that of the electro-receptiye device r", the 
current strength in the circuit is represented by 
Ohm's law as follows : 

c- ^ 

r -\- r 4- r 

In order to cause a current of a certain strength to 
flow through any circuit notwithstanding an in- 
crease in the resistance of that circuit, it is evident 
that the value of the pressure or electromotive force 
must be correspondingly increased. Different elec- 
tric sources vary greatly from one another in the ease 
with which the value of the electromotive force they 
furnish may be increased. 

It should be borne in mind that although in the 
preceding Primers we have spoken of the various elec- 
tric sources as producing electricity, yet, in point of 
fact, what they in reality produce are differences of 
potential. When their poles, at which these differ- 
ences of potential are greatest, are connected by 
means of a conductor, a current is produced in such 
conductor, the value of which will depend on the 
value of the electric resistance of the circuit. 
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EXTRACTS FROM STANDARD WORKS. 

W. E. Ayrton, in his '' Practical Electricity/^* 
page 1, speaks thus of the electric current : 

In the various industries in which electricity is empldyed, 
as in the telegraph, telephone, electric lighting, electrotyp- 
ing, electroplating, torpedo exploding and in the working 
of machinery by the aid of electromotors, it is the so-called 
** electric current " that is mads use of. Hence a knowledge 
of the laws of this electric current, a clear conception of its 
so-called properties, combined with a practical acquaintance 
with the modes of measiu'ing it, must be of especial impor- 
tance for a right understanding of the working of the appa- 
ratus employed in the above mentioned industries. Indeed, 
such knowledge is absolutely necessary if the user of elec- 
trical apparatus is desirous of employing ic to the best ad- 
vantage, of being able to correct faults when they occur, as 
well as of effecting improvements in the instruments them- 
selves. 

It is customary to speak of an electric current as if it had 
an independent existence apart from the ** conductor*^ 
through which it is said to be flowing, just as a ciu'rent of 
water is correctly spoken of as something quite distinct 
from the pipe through which it flows. But in reality we are 
sure neither of the direction of flow of an electric current. 



* ** Practical Electricity ; A Laboratory and Lecture Course, for 
First Tear Stadents of Electrical £n(dneerin£:. Based on the Prac- 
tical Deflnitions of the Electrical Unitp." by W. E. Asrrton. Lon- 
don: Cassell & Ca, Limited. 1888. 516 pages, 180 illustrations, 
Price. 11.60. 
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nor whether there is any motion of anything at alL And 
the student must not assume that the conventional expres- 
sion, ** the current flows through the copper pole of a gal- 
vanic battery to the zinc pole through ihe external circuit," 
implies any knowledge of the real direction of flow any 
more than the railway expressions, ^^ up train " and *' down 
train," mean that either train is necessarily going to a 
higher level than the other. In the case of a stream of 
water flowing along a river bed, we are quite certain that 
there is water in motion, and every one is agreed as to 
which way the water is flowing ; a cork or a piece of wood 
thrown on the water indicates by its motion the direction 
in which the water is moving. 

Nor, again, must an electric current be supposed to be 
like waves of sound traveling along, since in this latter case, 
although there is no actual traveling along of matter, still 
the direction of motion of the waves of sound is perfectly 
definite. Indeed, a wire along which an electric current 
is flowing is more like a wire at each end of which a mu- 
sical instrument is being played, so that the sound is trav- 
eling in both directions along the wire at the same time. In 
short, the statement that an electric current is flowing along 
a wire is only a short way of expressing the fact that the 
wire and the space around the wire are in a different state 
from that in which they are when no electric current is said 
to be flowing. So that when a body and the space around 
the body possess certain properties that they do not usually 
possess, an electric current is said to be flowing through 
that body. 
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Exacfc measnrement of any magnitude is obtained 
by reference to certain units or values which have 
been carefully determined. Thus the distance be- 
tween any two points is measured by reference to 
certain units of length, such, for example, as the foot, 
mile, etc. The weight of a body, or more properly 
speaking its mass, is determined by reference to 
some unit of weight or mass, such, for example, 
as the grain, pound, ton, etc. The duration of a 
phenomenon is determined by reference to certain 
units of time, such as the second, minute, hour, 
year, etc. 

These units are called respectively the units of 
weight, length and time. 

In the same way certain units are used in the 
measurement of electricity. In the case of electric 
units the units of length, mass and time are taken 
as the centimetre, the gramme and the second. 
J'or this reason such units are often called C. G. S. 
units, or the centimetre-gramme-second units. 

The metre is the French unit of length. It is 

equal to 39.37079 English inches. The metre is 

(97) 
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intended to be equal to the 40,000.000 of a meridian 
circle of the earth. The centimetre is equal to yj^y 
of a metre, or to .3937079 English inch. 

The gramme is the French unit of mass. It is 
based on the metrical system and is equal to the 
weight of a cubic centimetre of pure water at the 
temperature of its maximum density, namely., at the 
temperature of 39.2° F., or 4° C. The gramme is 
equal to 15.43235 English grains, or .0022046 
avoirdupois pound. 

The second, or the unit of time, is equal to the 
ggjioo part of a mean solar day. 

The expression for Ohm's law 

^ - E 
is generally read as follows; viz.. The current 
strength in any circuit is equal to the electromotive 
force divided bv the resistance. 

In order to give fixed values to the quantities 
represented in this formula, certain unit values arc 
given to the current (7, the electromotive force E, 
and the resistance 7?. In determining or limiting 
these values, certain other unit values are intro- 
duced. In this way arises a variety of electrical 
unita 

Tlie electrical units are based primarily on the 
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valuGB of the 0. G. S. units. Unfortunately, how- 
ever, they are so exceedingly small in some cases, 
and so exceedingly large in others, that in actual 
practice they have been replaced by certain multiple 
or decimal values. These units so obtained are 
called the practical electrical units. 

The practical unit of electric current is called the 
ampere. 

The practical unit of electromotive force is called 
the volt. 

The practical unit of electric resistance is called 
the ohm. 

Substituting these names for the symbols em- 
ployed in the well-known expression : 

C = ~ny we have, 

The volts 
The amperes = q^^^- ^ 

The ampere, or the practical unit of the electric 
current, is such a rate of flow, or transmission of 
electricity, as would pass through a circuit whose 
resistance is one ohm, when under an electromotive 
force of one volt. 

We may also define the value of the ampere by the 
amount of chemical decomposition it effects in a given 



100 ELECTRICITY AND MAGNETISM, 

time. We find in this way that an ampere is such a 
current as will deposit .00111815 gramme of silver 
per second, or .00009326 gramme of dilute sulphuric 
acid per second. 

If we compare the rate of flow of electricity with 
the analogous caee of the flow of water, we will see 
that the electrig current represents the passage or 
flow in a given time of a certain quantity or amount 
of the thing called electricity. 

In the case of liquids we measure the rate of flow 
as being equal to so many cubic inches or cubic feet 
per second. So too, in the case of the electric cur- 
rent, we measure the rate of flow of the thing called 
electricity as being equal to so many units of quan- 
tity of electricity per second. 

The practical unit of electrical quantity is called 
the coulomb. 

The coulomb is such an amount of electricity as 
would pass in one second, under an electromotive 
force of one volt, through a circuit whose resistance 
is equal to one ohm. 

But, as we have already seen, the ampere is such 
a rate of flow as would pass under an electromotive 
force of one volt, through a circuit whose resistance 
is one ohm. An ampere, therefore, is equal to one- 
coulomb-per-second. 



BLECTRIC UNTT\ 101 

The volt is the practical unit of electric pressure, 
or of electromotive force. 

The volt is equal to the electromotive force that 
would be required to cause a current of one ampere 
to pass through a circuit whose resistance is one 
ohm. 

The value of the electromotive force in any cir- 
cuit is called the voltage of the circuit. As the volt- 
age of a circuit increases, the current strength 
which passes through that circuit increases in a cor- 
responding ratio. When the resistance of a circuit 
is great, the voltage must be increased proportion- 
ally, in order to cause the same amount of electricity 
to flow through such circuit in a given time. 

The practical unit of electric resistance is called 
the ohm. 

An ohm is a resistance equal to that of a column 
cf mercury of approximately 106 centimetres in 
length, and one square millimetre in area of cross 
section at the temperature of 0° C. 

Defined in the terms of the preceding units, an 
ohm is Buch a resistance as would limit the flow of 
electrioity through a circuit, when under an electro- 
motive force of one volt, to an ampere, or one- 
oonlomb-per-second . 

The electricity present in any conductor as a 
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charge produces a difference of potential between 
that conductor and the earth, or, in other words, it 
raises or increases the potential of that conductor. 

The ability of a conductor to receive a charge 
without having its potential raised beyond a certain 
amount corresponds to the case of a vessel being 
able to hold a certain quantity of liquid before it 
begins to overflow. This property of a conductor 
is called its capacity. 

The practical unit of electric capacity is called 
the farad. A farad is such a capacity of a con- 
ductor as would enable it to hold a quantity of elec- 
tricity equal to one coulomb, if put into it under a 
pressure of one volt. 

Just as in the case of a gas, a quart vessel is 
capable of holding a quart of gas under unit pres- 
sure, say that of the atmosphere, so an electrical con- 
ductor, whose capacity is one farad, is capable of hold- 
ing one coulomb of electricity when under an electro- 
motive force of one volt. 

It is often a cause of some perplexity to students 
to understand why there should be in electricity one 
unit of capacity to represent the size of a vessel or 
conductor, and another unit to represent the amount 
or quantity of electricity required to fill such vessel 
or conductor to a certain difference of level or eleo- 
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tromotive force. But, in this respect, electricity, like 
a gas, aot3 as if it were compressible. Therefore the 
quantity required to fill a vessel or conductor will 
depend necessarily on the electromotive force under 
which it is placed in the vessel, as well as on the 
size of such vessel or conductor. 

The unit of electric work is called the joule. 

The unit of electric power is called the watt. 

The names of the preceding practical units have 
been taken from the names of distinguished elec- 
tricians who are no longer living. 

The ampere, the practical unit of electric current, 
was named after Ampere, a distinguished French 
physicist, whose investigations in the domain of 
magnetism were of great benefit to science. 

The volt, the practical unit of electromotive force, 
was named after Alexander Volta, who invented the 
voltaic pile. 

The ohm, the practical unit of the electric resist- 
ance, was named after Dr. George Ohm, who au- 
aounoed-the well-known law that bears his name. 

The coulomb, the practical unit of electric quan- 
tity,. Was named after Charles A. Coulomb, who 
jnade elabo)»te investigations in both electricity and 
magnetism. 

The joule, the practical unit of electric work. 
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was named after Dr. James Prescott Joule, of Man- 
chester, who, among other valuable contributions to 
electric science, ascertained the laws which deter- 
mine the amount of heat developed in a conductor 
by the passage through it of an electric current. 

The farad, the practical unit of electric capacity, 
was named after Michael Faraday, whose extended 
investigations in electricity and magnetism are 
recorded in his classic work entitled '^ Experimental 
Researches in Electricity/' 

The watt, the practical unit of electric power, 
was named after James Watt, who may be regarded 
as almost tlie creator of the steam engine. 

Multiple or decimal divisions or subdivisions of 
the above practical units are indicated by certain 
prefixes. For example, meg or mega when prefixed 
to any of the preceding units indicates one million 
times, as m3gohm, one million ohms; megavolt, one 
million volts. 

Micro, as a prefix, indicates the one-millionth part, 
as microfarad, the millionth of a farad ; microvolt, 
the millionth of a volt. 

Mi Hi, as a prefix, means the one thousandth, aa 
milliampere, the one-thousandth of an ampfire. 

The prefix kilo means one thousand, as kilowatt, 
one thousand watts ; kilojoule, one thousand joulofi. 
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EXTRACTS FROM STANDARD WORKS' 

T. D. Lockwood in his work, ^^ Electrical Measure- 
ment,^^* page 22, writes as follows concerning 
electric units: 

We have now seen that the batteries by which electricity 
is developed, the condu<;tors by which it is transferred, the 
instroments by which it is made useful, and the electric 
current itself, have certain properties, magnitudes, or qual- 
ities, which it is often necessary to measure in order that 
their working value may be properly estimated. 

That we may be able to make such measurements and 
to state their results, it is essential that we- have some 
standard terms, or units, which, when expressed, convey 
to the mind definite ideas, precisely as in measiuing a dis- 
tance we would say so many feet or miles ; or, in express 
ing the flow of water, so many gallons per minute ; or, in 
describing the contents of a solid block, as so many cubic 
feet. 

Furthermore, when one substance has several properties 
or magnitudes, a different system of measurement is re- 
quired for each magnitude ; for, as in a cubic block of wood 
we should measure one of its sides by superficial measure, 
its contents by cubic measure, and its weight by still 
another Bysteni, and would state the result differently in 



***]Qeetrioal MeaBurement/' by T. D. Lockwood. New York: 
J. H. BmmeU & Co. 1880. 137 pages. 32 illustrations. Price. fl.oO. 
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each case, so the different electrical magnitudes each have 
their own units, in which the results are expressed. 

Sometimes we find that the results of certain measore- 
ments are obtained by reference to several different magni- 
tudes ; as, for example, when we time the speed of a horse 
or a locomotive, we take the length of the distance traversed 
and the time consumed in traveling that distance, and thus 
calculate the velocity by reference to both length and time. 
In certain electrical measurements we find it necessary to 
resort to the same process, and combine different units to 
obtain a definite result. 

Designations have been given to the practical electrical 
units from the names of distinguished electricians and 
scientists. The unit of electromotive force is called the 
*' volt," from Volta ; and the unit of resistance is called the 
"ohm," after Ohm, the German physicist and mathema- 
tician ; while the unit of current strength is called the 
ampere from the French philosopher of that name. 
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The units of electric work and power are based 
on the same general principles as are the units of 
work and power in general use in mechanics. Before 
studying the principles of electric work and power it 
will, therefore, be necessary to consider, to some ex- 
tent, the general principles of mechanical work and 
power. 

The term work, as used in mechanics, repre- 
•sents a quantity equal to the force, by tlie expenditure 
of which the work is done, multiplied by the dis- 
tance through which such force acts. 

The foot-pound may be taken as the practical unit 
of mechanical work. 

A foot-pound is equal to the amount of work done 
or performed when a force of one pound is exerted 
through a distance of one foot. Thus if a weight of 
100 pounds is raised througli a distance of 10 feet, 
an amount of energy equal to 100 x 10 = 1,000 foot- 
pounds must be expended. 

By the term power, as used in mechanics, is meant 

the force multiplied by the distance through which 

the force acts, multiplied by the time during which 

it continnes to act. In other words, power is the 

(107) 
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rate of doing work, or the rate at which energy mnst 
be expended in order to do work. Thus, suppose the 
weight of 100 pounds, before referred to, be raised 
through a distance of 10 feet, in the time of one 
second. The power expended to do this would be 
equal to 1,000 foot-second-pounds. 

A careful distinction must be drawn bet ween work 
and power. Work is independent of the time; 
power is dependent on the time. For example, if a 
man raise a weight of one pound through a distance 
of 10 feet, he expends an amount of energy, or does^ 
an amount of work, equal to 10 foot-pounda. He 
may do this work, or expend this amount of energy, 
in one second, in one minute, in one hour, or in one 
year. In all cases, however, leaving out of consid- 
eration air resistance or friction, the amount of work 
done, or the amount of energy expended, is the 
same. Not so, however, the power, or rate of doing 
work, or the rate at v/hich he is expending energy ; 
for, if he does the work in one second, he will be 
expending energy at a rate sixty times greater than 
when he does it in one minute. 

For commercial purposes the horse-power is gen- 
erally taken as the unit of power. 

A horse-power equals an expenditure of energy at 
the rate of 550 foot-pounds per second, 33,000 foot- 



ELECTRIC WORK AND POWER, 109 

pounds per minute, or 1,980,000 foot-pounds per 
hour. 

The practical unit of electric work is called the 
joule ; the practical unit of electric power is called 
the watt. To understand the principles on which 
they are hased, we will consider the case of work 
done by means of water that has been raised to some 
higher level. 

In the case of a liquid mass at different levels the 
liquid at the higher level possesses a certain ability to 
do work; or, in other words, possesses a certain amount 
of potential energy, which may be measured by the 
quantity of the liquid at the higher level, and by the 
excess of this height over that of the lower level, or, 
in other words, by the difference of height between 
these two levels. As the liquid flows toward the 
lower level, potential energy is lost and a certain 
amount of work is done. 

In the ease of electricitv, the difference of electric 
level or potential between any two points of a con- 
cinctor causes an electric current to flow between 
these points from the higher to the lower level, and 
during this flow electric potential energy is lost and 
^^rork is done bv the electric current. 

In the case of a liquid, the amount of work done 
is equal to the amount of li(|uid which flows multi- 
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plied by the difference of level through which it 
flows. 

As in the case of the flow of a liquid, the amount 
of work done by the electric current is measured by 
the amount of electricity that passes, multiplied by 
the difference of potential under which it passes or 
flows. 

Unit quantity of electric work is therefore equal 
to unit quantity of electricity multiplied by unit dif- 
ference of potential. 

The practical unit of electric quantity is called 
the coulomb. The practical unit of electric pressure^ 
or difference of potential, is called the volt. It would 
follow, therefore, that the product of the coulombs 
by the volts will correctly represent the amount of 
work done by the passage or flow of a certain quan- 
tity of electricity. 

The practical unit of electric work is called the 
joule, or the volt-coulomb. It is equal to the pro- 
duct of one coulomb by one volt. 

In order to deduce the practical unit of electric 
power from the practical unit of electric work, it 
is only necessary to remember that power is equal to 
work-per-second. As in mechanics a foot-pound is 
the unit of work and a foot-pound-second is the unit of 
power, so in electricity a volt-coulomb is the unit of 
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electrical work, and a volt-coulomb-per-second, or a 
Yolt-ampdre, is the unit of power. Consequently the 
product of the volt-coulombs by the seconds will rep- 
resent the rate at which electrical power is expended. 

But since the coulomb-per-second is equal to the 
ampere, the practical unit of electric power will be 
the volt-amp6re, or the watt. 

The volt-amp6re or watt, the unit of electrical 

power, is equal to -rjn H. P. 

Therefore, when the current strength in any circuit 
is known in amperes and the difference of potential 
is known in volts, the product of the two divided by 
746 will give the horse power. 

One watt=44.24 foot-second-pounds. 

One watt=.7373 foot-minute-pound. 

Since the electric power in watts is equal to the 
product of the volts by the amperes, the product C E 
= the watts. 

E 
Now by Ohm's law we have 6' = — 

R 

or OR =iE. 

Sabstitntingthis value of -fi^, in the expression CE 
=7 the watts, we get : 

OJS^ X C R^ C^ R^ the watts. 



TL^r:n2ni:rr .^u jm^mubi 



2" T- ^ :-^:*TrT* iiif THiae .^ if ■fuiaL'Br — ana* 



_: = J: ; — = — = ZXiS- 

J. Z 



r :::»:::: :f :if : riiTfrr of «3«irtridty 



► . -s- 



• ^ * *•-•■ » 



'.;■ :r : frTr :.:■€■ f f>:rr:c pc^tentul. or 

- ': •■'. . ' •. • ', ■. v •. -K ;. . . : : : .^.r f-t^. r I i-rrsaei la rolls. 

^'<.; ^/^ /i' --Z V ^ - i: : r : : • . : :.r r".r?tr:e power varies 
M.;- /'..;. >,. •;..: :.:i..:;i'.oc /.'. "=ri.r:: :::e enrrent is con- 
.•/•;j.\*. o; ^:^ *'.<; T'.uare of :•-'> lurrenT. wheu the 
/' ••..'* a;.':': JH ^'or,i.rJiT.t. If. f .r vxaTiipie. with a giTen 
/''.•j.:t;ui':<i jfi r:;/v";it th'^ powvr of the current that 
p;4»,«'i-. h;ii< a r;<;rtaifi valuo, if this resistance remains 
Mi<f i-.iitnt', aij'I ^Joiibhi the current be passed through 
Ml" t/ift'ii'ii^ i\^^i electric power is four times as great, 
or ii art tin; Mr^uare of the current. 



ELECTRIC WORK AND POWER. 118 

(3.) -g- = the watts ; or, the electric power is in- 
versely as the resistance R, when*the electromotive 
force is constant^ and is directly proportional to the 
square of the electromotive force, when the resistance 
is constant. 

The heat activity, or the heat-per-second, pro- 
duced by an electric current, is also proportional to 
the product C E, or the watts ; for, the heat is pro* 
portional to the square of the current strength in 
amperes multiplied by the resistance in ohms. 

This fact is generally expressed as follows, viz: 

Heat activity = C^ R t x ,24=, where t = the time 
in seconds, and .24 equals the amount of heat re- 
quired to raise one gramme of water 1° C. 

Work is done by electricity when a molecule is 
decomposed. This will be explained under the 
general head of electrolysis. 

Work is also done by electricity when a current 
is passed through an electric motor, as will be ex- 
plained under the head of electric motors. 

Work is done when an electric current is sent 
through an uncharged storage battery so as to 
charge it. 

Work is done when an electric current passes 
through an arc or incandescent lamp. 
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In all such cases the amoiinfc of work, done or 
energy liberated can be measured by the product of 
the amperes by the volts; or, in other words, by the 
quantity of electricity which passes per second 
multiplied by the difference of potential through 
which it passes, i, e., by the watts. 
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EXTRACTS FROM STANDARD WORKS. 

J. A. Fleming, in his '^ Short Lectures to Elec- 
trical Artisans,'"' * on page 8G, speaking of work and 
force, says : 

If a body is acted upon by any force, and is displaced or 
moved in the opposite direction to that in which the force if 
allowed to act freely could move it, this is called making a 
displacement in opposition to a stress. Thus, for instance, 
if a weight is lifted, the motion is made to take place in op- 
position to the stress of gravity. Now, whenever this is the 
case, work is said to be done against the force, and the work 
is numerically measured by the product of the displace- 
ment and the mean stress estimated in the direction of the 
displacement. Energy is capacity for doing work, and when 
work is done, energy is said to be expended. Energy ex- 
ists in many different forms. The energy of a bent spring 
is of a different form to that of a moving heavy body, and 
both of these are different to the form of energy represented 
by an electric current. Nevertheless, these forms of energy 
are foimd to be transmutable, and are capable of being ex- 
changed for their equivalents in that form of energy ex- 
penditure represented by a definite mass lifted up to a cer- 
tain height against gravity, or a displacement through a 



* " Short Lectures to Electrical Artisans; Beinfir a Course of Exper- 
imental Lectures Deliverefl to a Practical Audience," by J. A. Flem- 
ing. M.A., D. Sc. London: E. & F. N. bpon. 1892. 210 pages, 74 
iUuBtratlQDB. Price, 91.50. 
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certain distance made against a certain stress or force mea- 
sured in dynes. Hence if feet and " pounds' weight " be 
our units of length and stress, one foot-pound or one pound 
mass lifted up one foot against gravity represents a cer- 
tain quantity of work done and a certain amount of energy 
expended. 

In the C. G. S. system a displacement of one centimetre 
against a force of one dyne is the unit of work, and is called 
one erg. Now since, as we have seen, the force of gravity 
acting on a mass of one gramme at London is 981 dynes, it 
follows that if a gramme is lifted up one centimetre, an 
amount of work equal to 981 ergs is done, and one foot- 
poimd is equal to 1.356 X 10^ ergs, or 1o 13,560,000 ergs. 
An amount of work equal to 10 million ergs is called one 
joide. Hence one foot-pound = 1.356yoii/es, or one yoMZc = 
.7373 footpound. The elaborate researches of Mr. Joule, 
after whom this practical unit is callrd, have shown that 
the amount of heat required to raise one gramme of water 
one degree Centigrade in temperature is equal to 4.2 joules, 
or to 42 million ergs, or 3.096 foot-pounds. This number is 
called the mechanical equivalent of heat, and it represents 
the amount of work required to be done in order to increase 
the motion of the molecules of a gramme of water by an 
amount equivalent to heating that quantity of water, one 
degree Centigrade. 

The value which attaches as a work-doing agent to any 
energetic body, whether man, horse, steam-engine, or to any 
store of energy, is the rate at which such agent or store can 
deliver energy, or the work it can do per second. The 
work done per second by any agent is called its activity or 
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power, and the unit of activity is a rate of working of one 
erg per second. As the rate is excessively small, the prac- 
tical unit adopted is a multiple of this, equal to 10 million 
ergs per second and is called one watt. Common usage 
still retains as a unit of activity or power the horse-power, 
which is a rate of working of 550 foot-pounds per second, 
or 33,000 foot-pounds per minute. One horse-power is equal 
to 746 watts. 

Ayrton, in his " Practical Electricity/** on page 
199, thus refers to the work done i!i an electric cir- 
cuit : 

If two conductors at different potentials be joined by a 
wire, electricity will flow from the one of higher potential to 
that of lower as long as any potential difference exists be- 
tween them, exactly as, when a reservoir containing water 
at a higher level than the surrounding country has an 
opening made in the bottom of it, water will flow out of 
the reservoir from the higher to the lower level until 
all the water has fallen to the same level. In 
order, therefore^ to keep up a cons' ant electric cui^rent 
tee must employ a machine that will transport 
electricity from a place of low to a place of high 
potential, just as, to keep up a steady stream of water, 
we must have some machine or pump, or it may be the 
evaporating power of the sun, to keep raising the water 



*" Practical Electricity; A Laboratory and Lecture Course for 
First Year Students of Electrical Engineering," by W. E. Ayr- 
ton. London : Cassell & Company, Ltd. 1888. 516 pages, 180 illus- 
trations. Price, $2.50. 
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from a low to a higb lereL With any socfa pomp a certain 
porticHi of the power expended en it would be spent, not 
in actoalhr raising water, but in OTmcoming the fnction 
Cf^weed by the channels inside the pomp to the passage of 
the water, and the portion of the pown* so spent will be 
oonTerted into heat, so that the work the water eoold do in 
falling would be les^ than that spent on the puntp by the 
amount that had been wasted in heat in the pamp. Con- 
sequently, the number of feet to which a pump could raise 
a pound of water would be less than the number of foot- 
pounds of work expended on the pump to raise the pound 
of water, and experiment shows that this difference would 
be greater the more quickly the pound of water was raised. 
"Sow a generator of an electric current, for example, 
a galvanic batter}', a dynamo- electric machine, a magneto- 
elecirio machine, or a thermopile, is employed for the same 
sort of object as a pump, viz , to rai<«e electricity from a 
low to a high potential, in opjiosition to the tendency the 
electricity apparently possesses to flow from a place of high 
to a place of low potential. The work the electricity so 
raised in ix)tential can do per second, or per minute, in the 
external circuit, in the form of an electric current, may be 
X>artly done in turning an electromotor, or may be partly 
done in decomposing the substances in a voltameter, but in 
both cases a ]X)rtion must be done in heating the external 
circuit, or the whole of the work may be done in merely 
heating the external circuit. 
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When more than a single electric source, or more 
than a single electro-receptive device, is placed in a 
circuit, the separate sources, or the separate electro- 
receptive devices, or both, are connected with such 
circuit in a variety of ways. Thus arise a variety 
of electric circuits. 

Where more than a single electric source is em- 
ployed, the separate sources are connected to one 
another in such a manner as to form a single source. 
Any arrangement of a number of separate electric 
sources, which permits them to act as a single 
source, is called a battery. 

The most important of these different electric 
circuits are as follows : 

(1.) The series circuits. 

(2.) The multiple circuits. 

(3.) The multiple-series circuits. 

.(4.) The series-multiple circuits. 

Ij^i the series connection of electric sources, the 

positive pole of each separate source is connected to 

the negative pole of each succeeding source, and the 

(119) 
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plied by the difference of level through which it 
flows. 

As in the case of the flow of a liquid, the amount 
of work done by the electric current is measured by 
the amount of electricity that passes, multiplied by 
the difference of potential under which it passes or 
flows. 

Unit quantity of electric work is therefore equal 
to unit quantity of electricity multiplied by unit dif- 
ference of potential. 

The practical unit of electric quantity is called 
the coulomb. The practical unit of electric pressure, 
or difference of potential, is called the volt. It would 
follow, therefore, that the product of the coulombs 
by the volts will correctly represent the amount of 
work done by the passage or flow of a certain quan- 
tity of electricity. 

The practical unit of electric work is called the 

» 

joule, or the volt-coulomb. It is equal to the pro- 
duct of one coulomb by one volt. 

In order to deduce the practical unit of electric 
power from the practical unit of electric work, it 
is only necessary to remember that power is equal to 
work-per-second. As in mechanics a foot-pound is 
the unit of work and a foot-pound-second is the unit of 
power, so in electricity a volt-coulomb is the unit of 



ELECTRIC WORK AND POWER, lU 

electrical work, and a volt-coiilomb-per-second, or a 
Yolt-ampdre, is the unit of power. Consequently the 
product of the volt-coulombs by the seconds will rep- 
resent the rate at which electrical power is expended. 

But since the coulomb-per-second is equal to the 
ampSre^ the practical unit of electric power will be 
the volt-amp6re, or the watt. 

The volt-amp6re or watt, the unit of electrical 

power, is equal to zv^ H. P. 

Therefore, when the current strength in any circuit 
is known in ampfires and the difference of potential 
is known in volts, the product of the two divided by 
746 will give the horse power. 

One watt=44.24 foot-second-pounds. 

One watt=.7373 foot-minute-pound. 

Since the electric power in watts is equal to the 
product of the volts by the amperes, the product C E 
= the watts. 

/; 

Now by Ohm's law we have 6' = — 

R 

or C R-E. 

Substituting this value oiEy in the expression C E 
= the watts, we get : 

CE^ C X C R^ 6'2 R =z the watts. 
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E 

If we substitute the value C as equal to — in the 

R 

expression E = the watts, we have 

E E* 

C E ^ E X — = — = the watts. 
E R 

We have, therefore, three expressions for the 

value of the watts, or the units of electric power; viz., 

(1.) C E z= the watts. 

(2.) (72 7^ - the watts. 

E^ 
(3.) — = the watts. 
R 

(1.) C E = the watts ; or, the electric power is 
equal to the product of the quantity of electricity 
that passes per second, expressed in amperes, mul- 
tiplied by the difference of electric potential, or 
level through which it passes, expressed in volts. 

(2.) C^R=z the watts ; or, the electric power varies 
directly as the resistance R, when the current is con- 
stant, or as the square of the current, when the 
resistance is constant. If, for example, with a given 
resistance in circuit the power of the current that 
passes has a certain value, if this resistance remains 
the same and double the current be passed through 
the circuit, the electric power is four times as great, 
or is as the square of the current. 



ELECTRIC WORK AND POWER. 118 

(3.) -r^ = the watts ; or, the electric power is in- 
versely as the resistance R, when*the electromotive 
force is constant, and is directly proportional to the 
square of the electromotive force, when the resistance 
is constant. 

The heat activity, or the heat-per-second, pro- 
duced by an electric current, is also proportional to 
the product C E, or the watts ; for, the heat is pro' 
portional to the square of the current strength in 
amperes multiplied by the resistance in ohms. 

This fact is generally expressed as follows, viz: 

Heat activity = C^ R t x .24:, where t = the time 
in seconds, and .24 equals the amount of heat re- 
quired to raise one gramme of water 1** C. 

Work is done by electricity when a molecule is 
decomposed. This will be explained under the 
general head of electrolysis. 

Work is also done by electricity when a current 
is passed through an electric motor, as will be ex- 
plained under the head of electric motors. 

Work is done when an electric current is sent 
through an uncharged storage battery so as to 
charge it. 

Work is done when an electric current passes 
through an arc or incandescent lamp. 
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In all such cases the amoiinfc of work, done or 
energy liberated can be measured by the product of 
the amperes by the volts; or, in other words, by the 
quantity of electricity which passes per second 
multiplied by the difference of potential through 
which it passes, i. e,, by the watts. 
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EXTRACTS FROM STANDARD WORKS. 

J. A. Fleming, in his '^ Short Lectures to Elec- 
trical Artisans/'' * on page 8G, speaking of work and 
force, says : 

If a body is acted upon by any force, and is displaced or 
moved in the opposite direction to that in which the force if 
allowed to act freely could move it, this is called making a 
displacement in opposition to a stress. Thus, for instance, 
if a weight is lifted, the motion is made to take place in op- 
position to the stress of gravity. Now, whenever this is the 
case, work is said to be done against the force, and the work 
is numerically measured by the product of the displace- 
ment and the mean stress estimated in the direction of the 
displacement. Energy is capacity for doing work, and when 
work is done, energy is said to be expended. Energy ex- 
ists in many different forms. The energy of a bent spring 
is of a different form to that of a moving heavy body, and 
both of the&e are different to the form of energy represented 
by an electric current. Nevertheless, these forms of energy 
are found to be transmutable, and are capable of being ex- 
changed for their equivalents in that form of energy ex- 
penditure represented by a definite mass lifted up to a cer- 
tain height against gravity, or a displacement through a 



* " Short Lectures to Electrical Artisans; Beincr a Course of Exper- 
imental Lectures Delivered to a Practical Audience," by J. A. Flem- 
ing, M.A., D. Sc. London: E. & F. N. i^pon. 1892. 210 pages, 74 
iUoBtratkmB. Price. 91.50. 
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certain distance made against a certain stress or force mea- 
sured in dynes. Hence if feet and "pounds' weight" be 
our units of length and stress, one foot-pound or one pound 
mass lifted up one foot against gravity represents a cer- 
tain quantity of work done and a certain amount of energy 
expended. 

In the C. G. S. system a displacement of one centimetre 
against a force of one dyne is the unit of work, and is called 
one erg. Now since, as we have seen, the force of gravity 
acting on a mass of one gramme at London is 981 dynes, it 
follows that if a gramme is lifted up one centimetre, an 
amount of work equal to 981 ergs is done, and one foot- 
pound is equal to 1.356 X 10^ ergs, or 1o 13,560,000 ergs. 
An amount of work equal to 10 million ergs is called one 
joule. Hence one foot-pound = 1.356 jottZes, or one jbuZe = 
.7373 foot pound. The elaborate researches of Mr. Joule, 
after whom this practical unit is callrd, have shown that 
the amount of heat required to raise one gramme of water 
one degree Centigrade in temperature is equal to 4.2 joules, 
or to 42 million ergs, or 3.096 foot-pounds. This number is 
called the mechanical equivalent of heat, and it represents 
the amount of work required to be done in order to increase 
the motion of the molecules of a gramme of water by an 
amount equivalent to heating that quantity of water, one 
degree Centigrade. 

The value which attaches as a work-doing agent to any 
energetic body, whether man, horse, steam-engine, or to any 
store of energy, is the rate at which such agent or store can 
deliver energy, or the work it can do per second. The 
work done per second by any agent is called its activity or 
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power, and the unit of activity is a rate of working of one 
erg per second. As the rate is excessively small, the prac- 
tical unit adopted is a multiple of this, equal to 10 million 
ergs per second and is called one watt. Common usage 
still retains as a unit of activity or power the horse-power, 
which is a rate of working of 550 foot-pounds per second, 
or 33,000 foot-pounds per minute. One horse-power is equal 
to 746 watts. 

Ayrton, in his " Practical Electricity/'* on page 
199, thus refers to the work done v.\ an electric cir- 
cuit : 

If two conductors at different potentials be joined by a 
wire, electricity will flow from the one of higher potential to 
that of lower as long as any potential difference exists be- 
tween them, exactly as, when a reservoir containing water 
at a higher level than the surrounding country has an 
opening made in the bottom of it, water will flow out of 
the reservoir from the higher to the lower level until 
all the water has fallen to the same level. In 
order, therefore, to keep up a cons' ant electric cutTcnt 
we mtist employ a machine that will transport 
electricity from a place of low to a place of high 
potential, just as, to keep up a steady stream of water, 
we must have some machine or pump, or it may be the 
evaporating jwwer of the sun, to keep raising the water 



*"Practic€J Electricity: A Laboratory and Lecture Course for 
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from a low to a high leveL With any such pamp a certain 
portion of the power expended en it would be spent, not 
in actually raising water, but in overcoming the friction 
opposed by the channels inside the pump to the passage of 
the water, and the portion of the power so spent will be 
converted into heat, so that the work the water could do in 
falling would be les^ than that spent on the pump by the 
amount that had been wasted in heat in the pump. Con- 
sequently, the number of feet to which a pump could raise 
a pound of water would be less than the number of foot- 
pounds of work expended on the pump to raise the pound 
of water, and experiment shows that this difference would 
be greater the more quickly the pound of water was raised. 
Now a generator of an electric current, for example, 
a galvanic battery, a dynamo- electric machine, a magneto- 
electric machine, or a thermopile, is employed for the same 
sort of object as a pump, viz , to raise electricity from a 
low to a high potential, in opposition to the tendency the 
electricity apparently possesses to flow from a place of high 
to a place of low potential. The work the electricity so 
raised in potential caa do per second, or per minute, in the 
external circuit, in the form of an electric current, may be 
partly done in turning an electromotor, or may be partly 
done in decomposing the substances in a voltameter, but in 
both cases a portion must be done in heating the external 
circuit, or the whole of the work may be done in merely 
heating the external circuit. 
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When more than a single electric source, or more 
than a single electro-receptive device, is placed in a 
circuit, the separate sources, or the separate electro- 
receptive devices, or both, are connected with such 
circuit in a variety of ways. Thus arise a variety 
of electric circuits. 

Where more than a single electric source is em- 
ployed, the separate sources are connected to one 
another in such a manner as to form a single source. 
Any arrangement of a number of separate electric 
sources, which permits them to act as a single 
source, is called a battery. 

The most important of these different electric 
circuits are as follows : 

(1.) The series circuits. 

(2.) The multiple circuits. 

(3.) The multiple-series circuits. 

..(4.) The series-multiple circuits. 

Ip the series connection of electric sources, the 
positive pole of each separate source is connected to 
the. negative pole of each succeeding source, and the 

(119) 
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negative and positive poles of the extreme endB are 
connected to the conductors of the circuit external 
to the battery. 

Such a series connection of six voltaic cells is 
shown in Fig. 44. As will be seen from an inspec- 
tion of this figure, the negative of pole No. 1 is con- 
nected with the positive pole of No. 2 ; the negative 
pole of No. 2 is connected to the positive pole of No. 
3 ; the negative pole of No. 3 with the positive pole 
of No. 4, and so on through the series of cells ; the 




Fig. 44.— Series Coxneotion of Ei.botrio Sourobs. 

positive pole of No. 1 and the negative pole of No. 
6 being left free to form the poles of the battery. 

The series connection of sources will perhaps be 
better understood from an inspection of Fig. 45, 
where three voltaic cells, of the form known as the 
Leclanche cell, are connected together in series. In 
this form of voltaic cell the zinc plate forms the 
negative pole, and the carbon plate the positive pole. 
It will be seen from the drawing that the carbon of 
the first cell on the left, is connected to the zinc of 
the second cell, the carbon of the second cell is 
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connected to the sine of the third cell, while the 
zino of the flmt cell and the carbon of the last cell 
form the polea of the battery. 

In the case of the series connection of sources, the 
electromotive force of the single source or battery 
BO obtained is equul to the sum of the electromotive 
forces of the separate cells. For example, if the elec- 
tromotive force of a single Leclanchg cell be that of 
tho average cell of this character, namely, 1.47 volta. 




the electromotive force of the series- con nee ted bat- 
tery of three cells, as shown in Fig. 45, is equal to 
3x1.47 or 4.41 volts. 

The resistance of such a series connection is equal 
to the sum of the resistances of all the separate cells. 

This follows from the fact that the resistance of 
a conductor increases directly in proportion to its 
length. The resistance of a voltaic cell arises mainly 
from the resistance of the liquid in which the 
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metallic plates are dipped. If a column of liquid 
of a certain length possess a certain resistance, an 
increase in its length of, say, three times, must of 
course produce an increase in its resistance of three 
times what it originally was. 

The same is true when electro-receptive devices 
are placed in a circuit in series. The resistance of 
the circuit will be increased in proportion to the 
number of electro-receptive devices added. 





'^. ^ H% ^" 
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Fig. 46.->^Multiplb-ArO Connkotion of Sourors. 

If, for example, the resistance of a single arc 
lamp be four ohms, the resistance of thirty such 
lamps placed in a circuit in series will be 120 ohms. 

In the connection of electric sources in multiple 
circuits, or, as this connection is sometimes called, -in 
multiple-arc circuits or in parallel, all the positive 
terminals or poles of the separate sources are con- 
nected to a single positive lead or conductor, and 
all the negative terminals or poles ai^ similarly 
connected to a single negative lead or conductor 

In Fig. 46 a multiple connection of six-yoltaic 
cells is shown. 



VAittetma op m,ECtRia catctrirs. iss 

Here the positive poles of all the cells are eounected 
to a aingie positive lead, or conductor, C C, and the 
negative poles of all the cells are similarly connected 
to the single negative lead, or conductor, C C. 

The multiple connection of cells will perhaps be 
better understood from an inspection of Fig. 47, in 
which thi'ee Bunsen cells are connected together in 
multiple-arc. 




All the positive or carbon poles are connected to- 
gether, and to a single positive lead, and all the 
negative or zinc poles are similarly connected 
together to a single negative lead. 

In the case of electric sources the effect of the 
annltiple connection is to decrease the resistance of 
"the battery in the direct proportion of the number 
«t separate cells so joined. 
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That such must be the case will be seen from the 
following considerations : The resistance of a con- 
ductor decreases as the area of cross section of 
the conductor increases ; for, as we have seen, a 
steady electric current passes through the mass of the 
conductor. The greater, therefore, the area of cross 
section of a conductor, the greater its mass,- and, 
consequently, the smaller its resistance. 

Now, when the three voltaic cells are connected 
in multiple as shown in Fig 47, there is so produced 
an increase in the area of cross section of the 
liquid mass, directly between the plates, and, there- 
fore, there must be produced a corresponding de- 
crease in the resistance of such liquid. The current 
strength must necessarily increase in such a circuit 
in the same proportion as the resistance of the 
circuit decreases. 

There is, however, no increase produced in the 
electric level ; that is, in the electromotive force, 
since each cell has its electric level placed in the 
same level as that of the cell to which it is con- 
nected. 

In the series connection of electric sources the 
electromotive force of the battery so obtained is in- 
creased, while in the multiple connection of sources, 
the strength of the current passing is increased. 
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In the multiple-series connection of electric sources 
a number of separate cells are joined or connected in 
separate groups in series, and these separate groups 
are subsequently connected in multiple. 

A multiple-series connection of six voltaic cells ic 
shown in Fig. 48. Here three separate groups cT 
two cells each are connected in series, and tliecc 
separate groups are joined as shown, in multipl 
circuit, to leads or conductors C C 
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Fig. 48.— Multiflb-Seribs Connrotion of Sources. 

The electromotive force of a multiple-series circuit 
a increased in proportion to the number of cells in 
ny separate series-connected group. At the same 
ime the electric resistance is decreased in propor- 
ionto the number of such groups that are siibse- 
uently connected in parallel. Thus iu the battery 
"hown in Fig. 48, the electromotive force of the bat- 
ery is twice as great as the electromotive force of 
Lny single cell, but the resistance of the battery is 
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twice the resistance of a siugle cell divided by three, 
the number of groups connected in parallel. 

Or, using the terms of Olim^s law ; if we call 
r, the resistance of any single source, and E, the elec- 
tromotive force of a single source, then C, the cur- 
rent strength of such a battery, is 

2 E 



C = 



2r 








Fia. 49.— Multiplk-Skries Connection op Sources. 

In Fig. 49 a multiple-series connection of six cell^ 
is shown, in which two series groups of three cell^ 
each are subsequently joined in maltiple to th^ 
leads C (V , 

In the series-multiple connection up number of sep- 
arate electric sources are connected in multiple, 
and these separate groups are subsequently jothed to 
one another in series. Such a connection is shown 
in Fig. 50. 
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This connection is generally limited to the con- 

i' 

ction of electro-receptive devices. The resistance 
.each multiple group is equal to the resistance of a 
igle branch divided by the number of branches. 
Some difference of usage exists as regards the 
3aning attached to the terms multiple-series and 
ries-multiple. By some these terms are reversed, 
lus the connection shown in Fig. 50 is called by 
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G. 50.— Skribs-Multiplb Connection of Electric Sources. 
me multiple-series connection, while those shown in 
gs. 48 and 49, are called series-multiple connec- 
►ns. If, however, it be remembered that Figs. 48 
d 49 represent a multiple of series-connected 
arces, it would appear that the term for the con- 
ation here shown should be multiple-series; and, 
at Fig. 50 represents a series of multiple connec* 
»ns, and should therefore be called a series-multiple 
nnection. 

f 

When an additional circuit or path is provided for 
I electric current, the current branches or divides, 
le part flowing through the new path and the 
dance flowing through the old circuit. Such an 
Id itional circuit is called a shunt or derived circuit. 
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Thus in Fig. 51 is shown a voltaic battery B, con- 
nected in circuit with a form of electro-receptive 
device G, called a galvanometer. If now an addi- 
tional circuit or path, S, be provided, placed as 
shown in the figure, a part of the current will flow 
through the circuit S, which is called the derived 
or shunt circuit. The current from the battery B, 
coming out of its positive pole, situated say at the 
right hand, passes through the circuit, and when it 




Fig. 51.— Shunt or Dbrivud Cirouit. 

meets the point where the additional circuit 8 joins 
it on the right of the figure, divides, part of the 
curreni; flowing through the new path S, and the 
balance flowing through the galvanometer 0, Then 
the branches of the current again unite to form a 
single branch at the point on the left of the figure 
where S joins the circuit. 

Knowing the resistance of any number of branch 
circuits, the proportion of current flowing through 
each branch can be readily calculated. 
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EXTRACTS FROM STANDARD WORKS. 

Slingo and Brooker, in their "Electrical Engi- 
neering for Electric Light Artisans and Students/** 
speaking of circuits, say on page 25 : 

When two or more wires are joined together so that the 
current divides between them, they are said to be joined up 
in ** parallel," and when the end of one is joined to the end 
of another so that the whole current goes through both 
wires, one after the other, the wires are said to be joined 
up in "series." 

The law for double channels holds equally good for multi- 
ple channels. Thus, if there are ten wires of uniform resist- 
ance and a current of ten amperes divides between them, 
it will do so equally, so that one ampere will flow through 
each wire. When the resistances vary, then the current 
flowing through each wire will vary also, but in inverse 
ratio. 

When, however, two or more wires are joined up in par- 
allel, a serious alteration is made in the condition of the 
circuit, for the total amount of current that is produced, 
whether it be from a primary battery, a dynamo- electric 
machine, or any other source of electrical energy, will be 
increased. This increase follows from the fact that when 
wires are joined up in parallel, their united or, technically 



* " Electrical EnRineerinfi: for Electric Light Artisans and Stu- 
dents," by W. Slingo and A. Brooker. London: Longmans, Green 
& Co. 189L 631 pages, 307 illustraiions. Price, |3.50. 
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speakiDg, their joint resistance is less than that of any one 
of the wires taken separately. The meaning of this will be 
more readily apparent if a wire is regarded as a condactor 
rather than as a source of resistance. Thus, if two equal 
wires lie side by side, and the current is allowed to flow 
through them, the conducting power of the douMe wire 
will be twice that of either wire taken separately, in precise- 
ly the same way that a water or gas pipe two square inches 
in section will transmit twice as much as a similar pipe 
only one square inch in section. If, therefore, the con- 
ductivity of the two wires in parallel is twice that of one 
of them, their united or joint resistance will be only half 
that of one of them. Thus, if two wires, each of 100 ohms 
resistance, are joined to a battery in parallel, their joint 
resistance will be 50 ohms. 
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There exists in nature an ore of iron called mag- 
netite^ some specimens of which possess the curious 
property of attracting iron filings. Such specimens 
of iron ore were known to the ancients, and were 
named by them lodestones, because^ if suspended 
by a thread or floated on water, so as to be free to 
move, they came to rest witli a certain part of the 
stone pointing approximately to the north star, or 
to the earth's geographical north. 

A lodestone owes its property of attracting iron 
filings, or of pointing to the north, to the magnetism 
it possesses. It is a natural magnet. 

If a lodestone be rolled in iron filings, the filings 
will be attracted to the stone in much greater quan- 
tity at two points than elsewhere. These points are 
called the poles of the lodestone or magnet. 

If a lodestone or natural magnet be floated on a 

water sarface, as, for example, by placing it on a 

board, it will be attracted or repelled by another 

lodestone held near it. 

If a bar of hardened steel shaped as shown in 

(131) 
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Fig. 52, be stroked by the poles of a lodestone, it will 
acquire all the properties of the lodestone, or will 
become a magnet. 

The needle has become magnetized by the act of 
rubbing against the lodestone. If such a magnetic 
needle be supported at its centre of gravity on a ver- 

S N 




Fig. 52.— Magnktio Attraction and Repulsion. 
tical axis, so as to be free to move in a horizontal 
plane, it will come to rest with its N pole pointing 
approximately to the earth's geographical north. 
Such a magnet is known technically as a magnetic 
needle. 

The pole of the magnetic needle which points to 
the earth^s geographical north is called the north 
or the N pole of the needle. The pole which points 
to the earth's geographical south is called the south 
or the S pole of the needle. 
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The north pole of a magnetic needle when held 
near the north pole of a readily movable magnetic 
needle, such, for example, as that shown in Fig. 52, 
will repel the needle ; if, however, its north pole be 
held near the south pole of the needle, it will 
attract it. 

The laws of magnetic attraction and repulsion 
may be expressed as follows : 

(1.) Like magnetic poles repel each other ; that is, 
a north magnetic pole repels another north magnetic 
pole, or a south magnetic pole repels another south 
magnetic pole. 

(2.) Unlike magnetic poles attract each other ; 
that is, a north magnetic pole attracts a south mag- 
netic pole, while a south magnetic pole attracts a 
north magnetic pole ; or, in other words, the attrac- 
tion is mutual. 

(3.) The force of magnetic attraction or repulsion 
is in proportion to the product of the strength of 
the magnetism possessed by the two magnets, and in 
the inverse proportion to the square of the distance 
between the poles. It will be seen that these laws 
are like the laws of attraction and repulsion of elec- 
tric charges. The law of inverse squares, as applied 
to magnets as generally constructed, is true of points 
only, not of surfaces. 
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llagnetic attractions and repalsions can be shown 
by floating a small magnet on the surface of water as 
represented in Fig. 53. If the north pole of another 

magnet be held near the north 
pole of the floating magnet the 
latter will be repelled. If, on 
Fig. 53.-FLOATIXO the contrary, the south pole 
Magnbt. ^£ another magnet be held 

near its north pole, the floating magnet will be 
attracted. 

Various shapes are given to magnets. The com- 
monest of these is the straight bar and the horse- 
shoe. The name horseshoe magnet is given to 
such a magnet from its resemblance in shape to an 
ordinary horseshoe. This magnet is sometimes 
called a U-shaped magnet. 

In order to readily increase the strength of a 
magnet, several separate magnets are so placed 
together as to act as a single magnet. Such a com- 
bination is known as a compound magnet or 
magnetic battery. 

The polos of a straight bar magnet that has been 
properly magnetized are situated at or near the ends of 
the bar. If such a magnet be rollod in iron filings, 
the amount of filings attracted will be -greater near 
the poles^ and will decrease toward the middle of 



.^^ 
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the bar, or toward a line called the equator of the 
magnet. 

A compound bar magnet is shown in Fig, 54. 
It consJBts of several separate bar 
magneta placed together witli their 
similar poles facing one another. 
A compound bar magnet is much 
stronger than a single bar magnet 
of the same area of cross section, 
because the separate bars can be 
mucli more strongly magnetized 
than could a single bar. 

Soft iron and steel differ very | 
greatly in the ease with which they 
are magnetized. They also differ in Fia.H.-COMPODKD 
the ease with which they lose their 
magnetism or are demagnetized. Hardened steel 
acquires magnetism with considerable difficulty ; it 
also loses magnetism with considerable difficulty. 
Soft iron, on the contrary, botli acquires and loses its 
xaagnetiam very readily. Even soft iron, however, 
Tetuaa a small amount of miignctism after being 
mi^etized. This is called rcsifhud magnetism. 

rHiB power with which a substance resists magnet- 
isation or demagnetization is culled its coercive 
power^ The ability of a substance to retain its 
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magnetism^ after it is once magnetized^ is called 
its magnetic retentivity. 

Magnets made from hardened steel are called per- 
manent magnets, because they retain their magnet- 
ism for an almost indefinite time after being mag- 
netized ; in other words, the magnetic retentivity 
of hardened steel is very great. 

Every magnet possesses an atmosphere of influence 
surrounding its poles, called the field of the magnet. 
The properties of the magnetic field are due to the 
space occuj)ied by the field being crossed or trav- 
ersed by certain lines called lines of magnetic force. 

The number of linos of magnetic force which pass 
through a given area of cross section is not equal at 
all parts of the magnetic field, but is greater in some 
places than in others ; that is, the magnetic density 
varies in different i)arts of the field. 

Lines of magnetic force form closed circuits, a part 
of their path being through the air or other medium 
surrounding the nuii^net. The lines are assumed 
to come out of a magnet at its nortli i)ole, and, after 
having imssed througli tlie space outside the magnet, 
to re-enter it at its south pole. It will be noticed 
that this convention is similar to that employed in 
the case of electric sources, where the electricity is 
assumed to come out of a source at its north pole, and. 
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lEenTaTingpasEGil through tht) circuit with wiiich tlie 

G is connected, to re-enter it at its south pole. 

In onler to show tlie direction which the lines of 

Ijnaguetic forci. take \i\ the spiice situate 1 near the 

K>les of a magnet a sheet of pjj ir ma} hi. plitced in 

Va horizoutal position o>er the mugULt aad iron 




filiiiga sprii kled o\er tl [ q ei If io\ theiaper 
be gently tapped so ae to permit the tilings to 
readily arrang themselves t!ie\ will ussnme the 
poBitiuus takiii h\ tl u lines of magnetic fuuL 

Such a figure may be regarded la rej resenting 
that portion f the magnetic field that ib -situated in 
the plane of the paper. 

In Fig. 55 is shown u part of the magnetic field 
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of a straight bur magnet N 8, lying in a horizoniai | 
plane parallel to its length. 

It will be noticed from an inspection of the figure 
that the filings have accumulated in greater qiianti^ I 
near the poles of the magnet. If a single pole be'l 
placed dii-ectly under the sheet of paper, sprinkling 1 




iron fillugs over it will result in the production o 
the magnetic field shown in Fig. 5C. 

A careful inspection of these fignres will show: j 

(1.) That like magnetic poles re]iel each-'t 

This maybe seen by observing the radiation of lihAl 

lines in the immediate noigliborhood of the magnet 

poles. The divergence of the lines shows repulsion. 



(2.) That unlike magnetic poles attract each other. 
This is shown by the joining of the lines of polar- 
ized particles of iron filings that lie in the path 
of the lines which come out the north pole with those 
that pass into the south pole. These chains form 
closed circuits around the poles, a portion of the 
circuit being completed through the iron of the 
magnet. 

The magnetic field may be permanently fixed by 
obtaining the groupings of iron filings on the wax- 
covered surface of a glass plate that is subsequently 
heated. These wax-fastened filings may be used for 
obtaining photographically printed negatives ; or, 
true photographic negatives may be obtained by 
placing the filings on the sensitized surface of a pho- 
tographic plate, in the darkened photographic room, 
and, then exposing the plate for a few seconds to the 
light, afterward developing. 

Since lines of magnetic force come out of a magnet 
at one place or pole, and re-enter it at another place or 
pole, all magnets must necessarily possess two poles, 
and can have but two poles. Under some circum- 
stances, however, magnets appear to possess more 
than two poles. If, for example, the magnet shown 
in Fig. 57 be rolled in iron filings, the filings will 
ooUedt in greater quantity at the points A, B, C, as 
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sliown. Here it appears as if the magnet possessed 
only tliree poles. In reality, however, such a mag- 
net consists of two separate magnets, A B and B C, 
whose two similar — , — , are poles placed together 




Fig. 57.— Anomalous Magnet with Apparently Three 

Poles Only. 

as shown. Such a magnet is called an anomalous 
magnet. 

In Fig. 58 is shown an anomalous magnet with 
ai)pan'ntly four poles. It actually consists of 
three separate magnets, AB, 7:? 6' and CD, with their 
similar poles — , — , and +, +, placed together. 




Fig. 58.— Anomalous Magnp:t with Api'arkntly Four 

1*olks Only. 

A curious form of anomalous niagnet is obtained 
by touching the centre of a star-shaped plate of 
hardened steel by one of the poles of a magnet. The 
part touched becomes of opposite 2)olarity to the 
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touching pole, and the points of the star of the 
same polarity. This would make, in the case of a 
five-pointed star, a magnet with apparently six poles. 
It consists, however, in reality of five separate mag- 
nets, five similar poles of which occupy the points 
of the star, the five remaining similar poles being 
massed at the centre, where they form, apparently, 
a single pole. 

Different specimens of steel differ greatly in their 
ability to become magnetized and to retain such 
magnetization. As a rule, a very hard steel retains 
magnetism best. Various methods are adopted for 
hardening the steel. They consist, generally, in 
suddenly cooling the metal while highly heated. 

Various processes are employed for producing 
magnetism in hardened steel. We will here describe 
one of these methods only ; namely, the method of 
magnetization by touch. This includes three differ- 
ent varieties : 

(1.) The method of single touch. 

(2.) The method of separate touch. 

(3.) The method of double touch. 

In the method of single touch, the bar to be 
magnetized is touched or rubbed with one pole of 
the magnetizing magnet. The magnetizing magnet 
is drawn over the surface of the bar to be magnetized 
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from end to end, and returned through the air, the 
stroke being repeated a number of times. This 
method is shown in Fig. 59. 

The lower bar is here represented as being magnei- 
ize^l by the upper bar, which has been drawn from 
right to left, as indicated by the arrow. The — y or 

+ 

N 
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Fio. 59.— Magnetizatiox by Sdvglb Toitcb. 

south polarity, indicated at the right hand, appears 
when the magnetizing magnet approaches the ex- 
treme left of the magnetized magnet. 

In the method of separate touch, two magnetizing 
bars are placed as shown in Fig. CO at the middle of 
the bar to be magnetized, with their opposite poles 
near (;acli other, but not touching, and are drawn 
awav from each other toward the end of the bar. 
Tliis motion is repeated a number of times, the 
magnets being each time returned to the middle of 
the bar through the air. 

This method of magnetization is especially suited 
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for obtaining a uniform magnetization^ so that in 
the case of a straight bar or needle, the poles will be 
situated exactly at the ends of the bar. It is^ there- 




FiG. 00.— Magnetization by Sbparatb Touch. 

fore, especially suited for the magnetization of mag- 
netic needles. 

In the method of double touch, two magnets are 
placed with their opposite poles together at the 




E 



Fig. 01.— Magnetization by Double Tough. 

middle of the bar that is to be magnetized, as shown 
dn Fig. 61, and are then moved to the end of the bar, 
^hen, instead of lifting them from the magnet to 
;j)ass them through the air to the other end, they are 
>noved over the surface of the bar to the other end, 
«nd these to and -fro motions are repeated a number 
of times. The motion is stopped in the middle of the 
\yBXy when the magnetizing magnets are moving in 
opposite direction from that in which they were moved 
^hen first started. This method of magnetization 
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prodiiceg fairly powerful ma^ets, but, nnlees great 
care la taken, the dUtribntion of the magnetism 
will be very irregiilar. 

A liorse^lioe magnet may be employed, id the 
manner i-hown tu Fig. 6S, to magnetize a iiaraber of 
BcpurHte bars by a modification of the method of 
double to^ici:. Here the four bars that are to be 
magneihed ate placed in the form of a hollow rect- 




FlQ. fl2.— MiaSETlZATlON BT DOUBLB TOUCS. 



angle, the angulur spacoii where the ends of the mag- 
nets tonch being filled with bars of soft iron. The 
magnetizing horseshoe magnet is then moved 
around the circuit gcvonil times in the same direc- 
tion. 

The most convenient method of producing m^- 
iiutism is by means of electric currents. This 
method will be explained in connection with electro- 
inagiicls. 
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EXTRACTS FROM STANDARD WORKS. 

Lloyd, in his ^^ Treatise on Magnetism/^* page 1, 
speaks thus of the general phenomena of this strange 
force : 

Magnetism is the property, commonly supposed to be 
peculiar to certain substances, of attracting iron. It was 
first observed in a certain ore of iron, thence called mag- 
netic iron ore. This mineral — ^the lodestone of the ancients 
— is composed of the peroxide and protoxide of iron, in com- 
bination with a small quantity of earthy substances. It is of 
a dark gray color; and the fresh fracture possesses a metal- 
lic lustre. It is found in many parts of the globe In con- 
nection with other iron ores ; but is particularly abundant 
in the iron mines of Sweden and Norway. "When a piece 
of this substance is brought near to small fragments of 
iron it attracts them, and this attraction is observed to be 
concentrated in certain points of the mass, thence called 
poies. Thus when a lodestone is brought close to a mass 
of iron filings, the latter are immediately attracted and 
made to adhere, and the adhering particles are accumulated 
round certain parts of the surface of the mineral, leaving 
the remainder nearly free. 

Steel may be made to acquire artificially the properties 
which naturally belong to the lodestone. Thus, if a straight 

•"A Treatise on Magnetism, General and Terrestrial/' by 
Hamphrey Lloyd, D.D., D.C.L. London: Longmans, Green & Cg. 
USi; 880 pages. Price, |3. 75. 
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bar of steel be rubbed in tbe direction of its length with 
one of the poles of the lodestone — care being taken to make 
it pass always in the same direction — the steel bar acquires 
the properties which were inherent in the lodestone ; it be- 
comes magnetic, and attracts iron in its vicinity. The 
same property may be communicated to the steel bar with 
out the aid of the natural lodestone, by striking it on the 
end with a hammer, when held in a vertical position. The 
poles or centres of attraction of such a bar are situated 
close to its extremities. The middle of the bar is without 
action, and the section passing through it is called the fteu- 
tral section. 

Conversely, iron reacts upon and attracts the magnet 
with an equal force. This may be shown by holding a 
piece of iron near the pole of a magnet ; if the latter be free 
to more, it will approach the former, until it finally 
adheres to it by one of its poles. When the two bodies— 
the magnet and the iron— are both free to move, they will 
approach one another until ty>ey meet, the spaces described 
by each being inversely as their masses. These effects take 
place without any diminution of action when any body, 
which is not itself magnetic, is interposed between the 
magnet and the iron. 

Nickel and cobalt are acted on by the magnet and react 
upon it, in the same manner as iro/i, although in a less 
degree, and are thence classed along with it as magnetic 
bodies. We sliall hereafter see that this class of bubstanoes 
is unlimited. 
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When a body is magnetized by stroking it with 
another magnet, the polarity produced will de- 
pend on the polarity of the magnetic pole with 
which it was stroked. If, for example, the north 
pole of a magnet be touched to a piece of hardened 
steel, it will produce a south pole where it touches 
the steel. If, however, the steel be touched by the 
south pole of the magnet, the point touched will be- 
come a north pole. In other words, the point of the 
magnetizable substance touched or stroked by a mag- 
net will always acquire a polarity opposite to that of 
the touching or magnetizing pole. 

The correctness of the above principles can be 
shown by the following simple experiment. Before 
bouching the bar that is to be magnetized, ascertain 
bhe polarity of the touching pole by noticing whether 
it attracts or repels the north pole of a readily mov- 
ing magnetic needle. Let us suppose that it repels 
ilie north pole, and that, therefore, its polarity is north. 
tf, now, this north pole be touched to a bar of hard- 
Biied steel, it will produce south polarity at the point 

where it tenches. In the same way it can be shown 
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«hov^ tlMj |>o«itiori of these poles, iron filings have 
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|yol<sM N', of tho magnetizing bar, as shown. 



MAGNETIC INDUCTION, 149 

The maimer in which magnetism is produced by 
induction from another magnet can be best ex- 
plained by the action of the lines of magnetic force. 
It will be remembered that every magnet possesses 
lines of magnetic force passing through and produc- 
ing what is called a magnetic field, in the space which 
lies outside of the body of the magnet. These lines 
of force, as we have already seen, are assumed to come 
out of a magnet at its north pole, and to re-enter it at 
its south pole, completing the path of the circuit by 
passing through the mass of the magnet itself. A 
complete circuit is formed by the lines of mag- 
netic force, and, as in the case of an electric circuit, 
part of the path is situated outside the source 
and the remainder of the path lies within the 
source. 

A magnetic circuit possesses a true resistance to 
the passage of lines of magnetic force, called the 
xnagnetic resistance. Different media differ in the 
ease with which they are permeated by lines of mag- 
netic force, or in the ease with which the lines of 
force pass through them. This is sometimes called 
"their magnetic permeability. 

The air which surrounds the magnet offers a 
much greater resistance to the passage of lines of 
magnetic force, or possesses a smaller permeability, 
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that the polarity produced by touching a bar of steel 
by a south pole will bo a north pole. 

It is not necessary that the magnetizing pole act- 
ually touch the body it is to magnetize. If it merely 
be brought near to the bar that is to be magnetized, 
but not in actual contact with it, the bar will still be 
magnetized with a polarity opposite to that of the 
magnetizing magnet. 

The production of magnetism in this way, 
by bringing the magnetizing pole near to the sub- 
stance, but not actually in contact with it, is known 
as magnetic induction. 

+ - + 




N S. N' S' 

Fig. 63.— Magnetic Induction. 

Suppose, for example, that the magnet N' S', shown 
in Fig. 63, be brought near to, but not actually touch- 
ing, one end of the unmagnetized bar N S, Under 
these circumstances a south pole will be produced in 
the bar at the point S, which lies nearest to the mag- 
netizing pole iV^', and, at the same time, a north pole 
JV, will be produced at its furthest end. In order to 
show the position of these poles, iron filings have 
been sprinkled over the bar ^ S, and over one of the 
poles N', of the magnetizing bar, as show« 
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The maimer in which magnetism is produced by 
induction from another magnet can be best ex- 
plained by the action of the lines of magnetic force. 
It will be remembered that every magnet possesses 
lines of magnetic force passing through and produc- 
ing what is called a magnetic field, in the space which 
lies outside of the body of the magnet. These lines 
of force, as we have already seen, are assumed to come 
out of a magnet at its north pole, and to re-enter it at 
its south pole, completing the path of the circuit by 
passing through the mass of the magnet itself. A 
complete circuit is formed by the lines of mag- 
netic force, and, as in the case of an electric circuit, 
part of the path is situated outside the source 
and the remainder of the path lies within the 
source. 

A magnetic circuit possesses a true resistance to 
the passage of lines of magnetic force, called the 
magnetic resistance. Different media differ in the 
ease with which they are permeated by lines of mag- 
netic force, or in the ease with which the lines of 
force pass through them. This is sometimes called 
their magnetic permeability. 

The air which surrounds the magnet offers a 
much greater resistance to the passage of lines of 
magnetic force, or possesses a smaller permeability, 
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than tho steel of which the magnet is formed. The 
Htwil appears to possess the power of concentrating 
tfio liiujs of force upon it. Consequently, in the 
mass of the steel, these lines are close together, while 
in the air or space outside the magnet they are 
spread through a much larger space. 

lUit since lines of magnetic force form closed cir- 
cuits, the same number of lines pass through the 
body of tlie magnet as through the (lir or space out- 
side the magnet. There must, therefore, be a greater 
number of lines of magnetic force in a given area of 
cross section of the magnet than in an equal area of 
cross section of the space outside the magnet. Or, 
in other words, there is a greater - magnetic density 
in the magnet than there is in the air outride of the 
magnet. 

Although in an ordinary magnet lines of magnetic 
force pass partly through the air and partly through 
the magnet, yet in some cases they pass entirely 
through iron and steel. 

When the magnetic circuit is completed entirely 
through iron or steel, it is called a closed magnetic 
circuit. When . it is completed partly through iron 
and partly through air, it is called a divided magnetic 
circuit. Such circuits are shown in the complete 
and divided rings in Figs. 64 and 65 respectively. 
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When a magnetizable body is brought into a mag- 
netic fields the following phenomena occur : 




Fig. 64.— Closed Magnetic Circuit. 

(1.) The lines of magnetic force pass. through the 
body and are concentrated around it. 

If a magnetizable body, shaped and supported like a 




Fig. 65.— Divided Magnetic Circuit. 

magnetic needle, is able to move freely in a horizontal 
plane^ but is not able to move forward bodily, it will 
come to rest with its greatest length in the direction 
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of the lines of force, because this direction offers the 
least resistance to the circuit of the lines of magnetic 
force. 

(2.) The magnetizable body will become magnetic, 
its south pole being situated where the lines of force 
of the magnetizing field enter it, and its north pole 
where these lines of force come out of it. 

It will now be seen why a body brought into the 
north field of a magnet acquires south polarity at 
that end which is nearest the north magnetizing pole. 
Suppose, for example, that a piece of iron is brought 
into the north field of the magnet shown in Fig. 66. 




Fig. 66.— Direction of Lines of Force. 

Since the lines of magnetic force come out of the 
north pole of this magnet, as shown conventionally 
by the curved arrows, tliey must enter the piece 
of iron at that end which is nearest the north pole 
and will, therefore, produce in it a south polarity at 
this end. 
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On entering the piece of iron, they pass through 
it, and coming out at its furthest end produce a 
north pole at that end. If, now, Fig. 63 be again 
inspected, it will be understood why the end S, which 
lies nearest to the magnetizing pole N\ acquires a 
south polarity, and the end N, which lies furthest 
from it, acquires a north polarity. 

As already mentioned, the lines of magnetic force 
form closed circuits. 

Like an electric circuit, a magnetic circuit 
consists of three distinct parts ; namely, 

(1.) The source or place where the lines of mag- 
netic force are originated. 

(2.) The various media which form conducting 
paths for the lines of magnetic force. 

(3.) The various magneto-receptive devices, con- 
sisting generally either of magnetizable materials 
j)laced so as to be traversed by the lines of force and 
energized by their passage tlirough them^ with the 
consequent production of magnetism therein ; or, of 
conductors, which, as will be afterward explained, 
liave difljBrences of potential generated in them by 
the passage of lines of force through them. 

When a magnetizable substance undergoes mag- 
netic induction by being placed in a magnetic field, 
then — 



144 ELECTRICITY AND MAGNETISM. 

produces fairly powerful magnets, but, unless great 
care is taken, the distribution of the magnetism 
will be very irregular. 

A horseshoe magnet may be employed, iu the 
maimer shown in Fig. 62, to magnetize a number of 
separate bars by a modification of the method of 
doubhi to.icf:. Here the four bare that are to be 
magnetized aie placed in the form of a hollow rect- 




Fia. S2.— Maonbtization bi Docbue Touod. 



angle, the angular spaces where the ends of the mag- 
nets touch being filled with bars of soft iron. The 
magnetizing horseshoe magnet is then moved 
around the circuit several times in the same direc- 
tion. 

The most convenient method of producing mag- 
netism is by means of electric currents. This 
method will be explained in connection with electro- 
magnets. 
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EXTRACTS FROM STANDARD WORKS. 

Lloyd, in his ^^ Treatise ou Magnetism/'* page 1, 
speaks thus of the general phenomena of this strange 
force : 

Magnetism is the property, commonly supposed to be 
peculiar to certain substances, of attracting iron. It was 
first observed in a certain ore of iron, thence called mag- 
netic iron ore. This mineral — the lodestone of the ancients 
— is composed of the peroxide and protoxide of iron, in com- 
bination with a small quantity of earthy substances. It is of 
a dark gray color; and the fresh fracture possesses a metal- 
lic lustre. It is found in mauy parts of the globe in con- 
nection with other iron ores ; but is particularly abundant 
in the iron mines of Sweden and Norway. When a piece 
of this substance is brought near to small fragments of 
iron it attracts them, and this attraction is observed to be 
concentrated in certain points of the mass, thence called 
poles. Thus when a lodestone is brought close to a mass 
of iron filings, the latter are immediately attracted and 
made to adhere, and the adhering particles are accumulated 
round certain parts of the sm*face of the mimral, leaving 
the remainder nearly free. 

Steel may be made to acquire artificially the properties 
which naturally belong to the lodestone. Thus, if a straight 

*"A Treatise on Magnetism. General and Terrestrial,*' by 
Humphrey Lloyd, D.D., D.C.L. London: Longmans, Green & Co. 
1874; 230 pages. Price, |3.7d. 
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bar of steel be rubbed in the direction of its length with 
one of the poles of the lodestone — care being taken to make 
it pass always in the same direction — the steel bar acquires 
the properties which were inherent in the lodestone ; it be- 
comes magnetic, and attracts iron in its vicinity. The 
same property may be communicated to the steel bar with 
out the aid of the natural lodestone, by striking it on the 
end with a hammer, when held in a vertical position. The 
poles or centres of attraction of such a bar are situated 
close to its extremities. The middle of the bar is without 
action, and the section passing through it is called the fteu- 
tral section. 

Conversely, iron reacts upon and attracts the magnet 
with an equal force. This may be shown by holding a 
piece of iron near the pole of a magnet ; if the latter be free 
to more, it will approach the former, until it finally 
adheres to it by oue of its poles. When the two bodies— 
the magnet and the iron— are both free to move, they will 
approach one another until they meet, the spaces described 
by each being inversely as their masses. These effects take 
place without any diminution of action when any body, 
which is not itself magnetic, is interposed between the 
magnet and the iron. 

Nickel and cobalt are acted on by the magnet and react 
upon it, in the same manner as iro/i, although in a less 
degree, and are thence classed along with it as magnetic 
bodies. We sliall hereafter see that this class of bubetanoes 
is unlimited. 
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When a body is magnetized by stroking it with 
another magnet, the polarity produced will de- 
pend on the polarity of the magnetic pole with 
which it was stroked. If, for example, the north 
pole of a magnet be touched to a piece of hardened 
steely it will produce a south pole where it touches 
the steel. If, however, the steel be touched by the 
south pole of the magnet, the point touched will be- 
come a north pole. In other words, the point of the 
magnetizable substance touched or stroked by a mag- 
net will always acquire a polarity opposite to that of 
the touching or magnetizing pole. 

The correctness of the above principles can be 
Bhown by the following simple experiment. Before 
touching the bar that is to be magnetized, ascertain 
the polarity of the touching pole by noticing whether 
it attracts or repels the north pole of a readily mov- 
ing magnetic needle. Let us suppose that it repels 
the north pole, and that, therefore, its polarity is north. 
If, now, this north pole be touched to a bar of hard- 
ened steel, it will produce south polarity at the point 

where it tonches. In the same way it can be shown 

(147) 
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that the polarity produced by touching a bar of steel 
by a south pole will be a north pole. 

It is not necessary that the magnetizing pole act- 
ually touch the body it is to magnetize. If it merely 
be brought near to the bar that is to be magnetized, 
but not in actual contact with it, the bar will still be 
magnetized with a polarity opposite to that of the 
magnetizing magnet. 

The production of magnetism in this way, 
by bringing the magnetizing pole near to the sub- 
stance, but not actually in contact with it, is known 
as magnetic induction. 

+ - 4- 




N S. N' S' 

Fig. 63.— Magnktio Induction. 

Suppose, for example, that the magnet N' S', shown 
in Fig. 63, be brought near to, but not actually touch- 
ing, one end of the unmagnetized bar iV S, Under 
these circumstances a south pole will be produced in 
the bar at the point S, which lies nearest to the mag- 
netizing pole N', and, at the same time, a north pole 
JV, will be produced at its furthest end. In order to 
show the position of these poles, iron filings have 
been sprinkled over the bar ^ S, and over one of the 
poles JV', of the magnetizing bar, as shown- 
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The manner in which magnetism is produced by 
induction from another magnet can be best ex- 
plained by the action of the lines of magnetic force. 
It will be remembered that every magnet possesses 
lines of magnetic force passing through and produc- 
ing what is called a magnetic field, in the space which 
lies outside of the body of the magnet. These lines 
of force, as we have already seen, are assumed to come 
out of a magnet at its north pole, and to re-enter it at 
its south pole, completing the path of the circuit by 
passing through the mass of the magnet itself. A 
complete circuit is formed by the lines of mag- 
netic force, and, as in the case of an electric circuit, 
part of the path is situated outside the source 
and the remainder of the path lies within the 
source. 

A magnetic circuit possesses a true resistance to 
the passage of lines of magnetic force, called the 
magnetic resistance. Different media differ in the 
ease with which they are permeated by lines of mag- 
netic force, or in the ease with which the lines of 
force pass through them. This is sometimes called 
their magnetic permeability. 

The air which surrounds the magnet offers a 
much greater resistance to the passage of lines of 
magnetic force, or possesses a smaller permeability, 
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than the steel of which the magnet is formed. The 
steel appears to possess the power of concentrating 
the lines of force upon it. Consequently, in the 
mass of the steel, these lines are close together, while 
in the air or space outside the magnet they are 
spread through a much larger space. 

But since lines of magnetic force form closed cir- 
cuits, the same number of lines pass through the 
body of the magnet as through the (lir or space out- 
side the magnet. There must, therefore, be a greater 
number of lines of magnetic force in a given area of 
cross section of the magnet than in an equal area of 
cross section of the space outside the magnet. Or, 
in other words, there is a greater - magnetic density 
in the magnet than there is in the air outside of the 
magnet. 

Although in an ordinary magnet lines of magnetic 
force pass partly through the air and partly through 
the magnet, yet in some cases they pass entirely 
through iron and steel. 

When the magnetic circuit is completed entirely 
through iron or steel, it is called a closed magnetic 
circuit. AVhen.it is completed partly through iron 
and partly through air, it is called a divided magnetic 
circuit. Such circuits are shown in the complete 
and divided rings in Figs. 64 and 65 respectively. 
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When a magnetizable body is brought into a mag- 
netic fields the following phenomena occur : 




FiQ. 6L— Closed Magnetic Circuit. 

(1.) The lines of magnetic force pass. through the 
body and are concentrated around it. 
If a magnetizable body, shaped and supported like a 




Fig. 65.— Divided Magnetic Circuit. 

magnetic needle, is able to move freely in a horizontal 
plane^ but is not able to move forward bodily, it will 
come to rest with its greatest length in the direction 
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of the lines of force, because this direction offers the 
least resistance to the circuit of the lines of magnetic 
force. 

(2.) The magnetizable body will become magnetic, 
its south pole being situated where the lines of force 
of the magnetizing field enter it, and its north pole 
where these lines of force come out of it. 

It will now be seen why a body brought into the 
north field of a magnet acquires south polarity at 
that end which is nearest the north magnetizing pole. 
Suppose, for example, that a piece of iron is brought 
into the north field of the magnet shown in Fig. 66. 




Fig. 66.— Direction of Limes of Force. 

Since the lines of magnetic force come out of the 
north pole of this magnet, as shown conventionally 
by the curved arrows, they must enter the piece 
of iron at that end which is nearest the north pole 
and will, therefore, produce in it a south polarity at 
this end. 
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On entering the piece of iron, they pass through 
it, and coming out at its furthest end produce a 
north pole at that end. If, now. Fig. C3 be again 
inspected, it will be understood why the end S, which 
lies nearest to the magnetizing pole N', acquires a 
south polarity, and the end N, which lies furthest 
from it, acquires a north polarity. 

As already mentioned, the lines of magnetic force 
form closed circuits. 

Like an electric circuit, a magnetic circuit 
consists of three distinct parts ; namely, 

(1.) The source or place where the lines of mag- 
netic force are originated. 

(2.) The various media which form conducting 
paths for the lines of magnetic force. 

(3.) The various magneto-receptive devices, con- 
sisting generally either of magnetizable materials 
placed so as to be traversed by the lines of force and 
energized by their passage through them, with the 
consequent production of magnetism therein ; or, of 
conductors, which, as will be afterward explained, 
have differences of potential generated in them by 
the passage of lines of force through them. 

When a magnetizable substance undergoes mag- 
netic induction by being placed in a magnetic field, 
then — 
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(1.) The character of the magnetic polarity pro- 
duced will depend on the direction in which the 
lines of magnetic force pass through the magnetiz- 
able substance; 

(2.) The points or places where the poles are pro- 
duced will depend on the points or places where the 
lines of force enter and pass out from the magnet- 
izable substance; 

(3.) The strength of this magnetization will de- 
pend on the number of lines of force which pass 
through the magnetizable substance. 

Since the lines of magnetic force, per given area 
of cross section, are more numerous in the space 
lying outside the magnet, near its poles than 
elsewhere, the nearer the magnetic poles are brought 
to a magnetizable substance, the greater will be 
the number of lines of force that pass through it, 
and hence the stronger will be the magnetization 
produced by induction. 

In the same way, the greater the strength of the 
magnetizing magnet, or the greater the number of 
lines of force which pass through its field, the 
stronger will be the magnetization produced by 
induction. 

The strength of magnetization pl*oduced also de- 
pends on what is called the magnetic susceptibility. 
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or on the relation which exists between the strength 
or intensity of the magnetizing field and the in- 
tensity of the magnetism produced. 

It will now be understood why the polarity pro- 
duced by rubbing or stroking a magnetizable sub- 
stance by a magnetic pole is the same as that 
produced by merely bringing it near to that pole ; 
for^ in such cases, jnst as much as when the body 
is rubbed by the magnet pole, the lines of force of 
such pole pass through the body and so produce 
magnetism in it. 

The groupings of iron filings in the form shown 
in Figs. 55 and 56 of a former Primer, on the 
sheets of paper placed over a bar magnet in planes 
respectively parallel to its length and at right angles 
to its length, afford excellent examples of the pro- 
duction of magnetism by induction. The iron fil- 
ings, under the gentle tapping given to the paper, 
arrange themselves in the directions of the lines of 
force which thread through them. Each particle 
becomes a minute magnet with its south pole where 
the lines enter it and its north pole where they leave 
it. Magnetic figures, therefore, consist of lines of 
magnetized particles. 

The action of a mass of soft iron placed near the 
poles of a magnet, and called an armature, will now 
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be understood. Suppose, for example, that a piece 
of soft iron, shaped as shown at A, in Fig. 67, be 

brought into contact with the 
poles N, S, of the compound 
horseshoe magnet; since soft 
iron permits the lines of mag- 
netic force to pass readily 
through it, the armature will 
concentrate these lines on it- 
self and will thereby be at- 
tracted to the magnet. 

A magnet so armed pos- 
sesses a greater power of hold- 
ing weights, or^ as it is called, 
a greater portative power, than 
it otherwise would. The weight 
W, which the horseshoe mag- 
net shown in Fig. 67 is able 
to carry, is mucli greater than when it is not pro- 
vided with a suitable armature. The portative 
power depends both on the shape of the magnet and 
on the shape of its armature, as well as on the 
strength of the magnet poles. 

When a magnet is not provided with a suitable 
armature, many of the lines of magnetic force are 
diffused from its poles, and spread through the space 




Fig. 67.— Armature op 
Magnet. 
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around them, so that only some of them act on a 
body brought near the poles. This useless dissipa- 
tion of some of the lines of magnetic force is called 
magnetic leakage. 

Substances differ very markedly in the manner 
in which they act on the lines of force when brought 
into a magnetic field. Some^ like iron and steely 
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Fig. 68.— Beoaviok of Paramagnetic Substance. 

concentrate the lines upon them ; others, like bis- 
muth and antimony, appear to diffuse the lines of 
force, or to apparently repel them. 

Substances which like iron or steel appear to con- 
centrate the lines of force upon them are called 
paramagnetic substances. Nickel, cobalt, chro- 
mium^ cerium and manganese arc paramagnetic 
substances. 
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Substances which when brought into a magnetic 
field appear to dififuse the lines of magnetic force 
are called diamagnetic substances. Bismuth, phos- 
phorus, zinc and mercury are diamagnetic sub- 
stances. 

A paramagnetic substance, cut in the form of a 
long cylinder or bar and suspended between the poles 
of a powerful magnet, as shown in Fig. 68, will 




Fig. 69. - Behavior op l>iAMAONBno Sobstanoe. 

come to rest with its greatest dimensions in the line 
of the poles. 

A diamagnetic substance, cut in the form of a 
cylinder or bar and suspended between the poles 
of a powerful magnet, will come to rest with its least 
dimensions in the line of the poles, as shown in 
Fig. 69. 
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In this latter oasc the diamaguetlc substance acts 
as if it were repelled by the magnet poles instead of 
being attracted by them like a paramiignetic sub- 
stance. Tyndall believes that the polarity possessed 
by a diamagnecic substance is distinct and different 
from the polarity possessed by an ordinary magnetic 
substance, that is, by a paramagnetic substance. 
This conclusion, however, is not generally accepted. 
The cause of the behavior of diamagnetic sub- 
stances is by some believed to be due to the difference 
in the resistance which tlie air offers to the passage of 
the lines of magnetic force through it, as compared 
with that offered by a diamagnetic substance 
through it. 

Diamagnetism is possessed by certain liquids and 
gaseons substances. 

Prof. Tyndall believes that diamagnetic substances 
possess a polarity distinct from the ordinary mag- 
netic polarity ; he calls this diamagnetic polarity. 
In a work entitled '^Researches in Diamagnetism 
and Magno-crystallic Action" * he thus refers to the 
matter : 

On December 18th, 1845, Faraday communicated to the 
Royal Society a memoir on the ** Magnetic Condition of All 

**'ReteaTobesin Oiamagaetism and Magnc-crystaUic Action," 
by John TyndaU, D.C.L., LL.D., F. R. S. New York: D. Apple- 
ton ft Go. 1888. 288 pages. 67 iUnstrationa. Price, fl.50. 
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Matter." Before the pQle of an electromagnet he suspended 
a fragment of his famous heavy glass, and observed that 
when the magnet was powerfully excited the glass fairly 
retreated from the pole. It was a clear case of magnetic 
repulsion. He then suspended a bar of the glass between 
two poles ; the bar retreated when the poles were excited, 
and set its length eqaatorially or at right angles to the line 
joining them. When an ordinary magnetic body was 
similarly suspended, it always set axially, that is, from 
pole to pole. 

He called those bodies which were repelled by the poles 
of a magnet diamagnetic bodies; using this term in a 
sense different from that in which he applied it in his mem- 
oir on the magnetization of light. The term magnetic he 
reserved for bodies which exhibited the ordinary attraction. 
He afterward employed the term magnetic to cover the 
whole phenomena of attraction and repulsion, and used the 
word paramagnetic to designate magnetic action like that 
of iron. * * * 

Faraday's thoughts ran intuitively into experimental 
combinations, so that subjects whose capacity for experi- 
mental treatment would to most minds seem to be exhaust- 
ible in a moment, were shown by him to be all but inex- 
haustible. He had an object in view, the first step toward 
which wa» the proof that the principle of Archimedes is 
true of magnetism. 

Faraday subsequently abandoned this belief in a 
distinct magnetic polarity. 
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EXTRACTS FROM STANDARD WORKS. 

In his ** Dictionary of Electrical Words, Terms 
and Phrases/^* page 284, under the title *' In- 
ductiofiy Magnetic/' the author says : 

iNDUCmoN, Magnetic. — The production of magnetism in 
a magnetizable substance by bringing it into a magnetic 
field. 

Suppose a small portion of a magnetizable body is placed 
in a magnetic field produced in a gap separating two closely 
approximated poles. To simplify matters, suppose this 
small portion to be a free unit pole. It will be acted on 
by two forces : 

(1.) The force due to the magnetic field. 

(2.) The force due to the free magnetism which appears 
at the surface of the gap or cut. 

The force on the unit pole is compounded of these two 
separate forces, and is called the magnetic induction of the 
space. Magnetic induction is, therefore, strictly speaking, 
a quantity. 

The direction of magnetic force and the magnetic in- 
duction are the same in an air space outside a magnet. 
Within a bar of iron or other paramagnetic material, under 
induction in a magnetic field, the magnetic force at any 



***A Dictionary of Electrical Word8, Terms and Phrases," by 
Edwin J. Houston, A.M. New York: The W. J. Johnston Co., 
Ltd. ism. M2 paces and 570 illustrations. Price, |5.00. 
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point is due, not only to the external or original field, 
also to the field produced by the polarity induced, wb 
acts opposed to the magnetic force at points. Magnt 
force and magnetic induction are identical only wb 
there is no magnetism. — Fleming. 
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The phenomena of magnetism were known at a 
very early date. The curious power possessed by a 
magnetic needle, of pointing approximately to the 
earth's north pole, was known to the Chinese as 
early as 2,000 years B. C. 

In very early times the power of the lodestone was 
regarded as magical. In later years considerable 
speculation has arisen as to the cause of this curious 
force. It was not until a comparatively late day, 
however, that anything de6nite has been known 
concerning the cause of the force of magnetism, and 
even yet very much remains to be discovered con- 
cerning the peculiarities of this force. 

One of the earlier theories as to the cause of mag- 
netism regarded it as due to the presence of two 
separate fluids, one boreal, or north, and the other 
austral, or south. These fluids were supposed to 
exist in all bodies in a state of equilibrium, or com- 
bination. In some bodies, like iron and nickel, they 
were capable of separation. Although the austral 
and the boreal fluids were capable of being separated 

from each other, yet it was believed that they could 

(163) 
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never be completely isolated from each other, but 
always existed in the same bar. In other words, nc 
magnet could be obtained with a single pole. The 
fluid theory of magnetism is now abandoned. 

Shortly after the discovery by Oersted of the mag- 
netic properties of a conductor, through which a cur- 
rent of electricity is flowing, Ampere, the French 
physicist, after whom the practical unit of electric 
current is named, began a series of investigations as 
to the cause of magnetism. As a result of these 
investigations, Ampere proposed a theory for mag- 
netism which, although now generally abandoned in 
its form as pro})()sed by him, yet was a great ad- 
vance in science, and did much to throw light on 
the peculiarities of this strange force. 

Am])ore's theory of magnetism explains the pro- 
duction of magnetism by the following assumptions : 

(1.) That the ultimate particles of all magnetiz- 
able bodies form closed circuits, in which currents of 
electricity are constantly flowing. 

(2.) That in an unmagnetized body these currents 
are still present, but that the currents flow in oppo- 
site directions in adjoining circuits, and therefore 
neutralize one another. 

(3.) That the act of magnetization consists in such 
movement or polarization of the particles as will 
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cause the currents in all to flow in one and the same 
direction, magnetic saturation being reached when 
they are all so caused to flow in one and the same 
direction. 




Fio. 70.~Unmaonetized Bar (After Amp&rb). 

(4.) That coercive force is due to the resistance 
which these circuits, or the particles through which 
they flow, offer to a change in iheir direction. 




Fio. 71.— Magnetized Bar (After AmpIire). 

The conditions of the circuit in a magnetized 
and in an unmagnetized bar according to Ampere's 
theory are shown in Figs. 70 and 71. 

A careful inspection of these figures will show 
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that in the case of an unmagnetized bar the separate 
currents are flowing in different directions, while in 
the case of a magnetized bar all the separate cur- 
rents are flowing in one and the same general direc- 
tion. 

It can be shown experimentally that the mag- 
netic effect produced in the space outside a number 
of separate circuits that are near together, and have 
currents flowing through them in opposite direc- 
tions, is completely neutralized. 

In the case, therefore, of a magnetized bar all the 
circuits, except those situated in the extreme edge of 
the bar, will have their currents flowing in opposite 
directions to those in any neighboring circuit. 
These currents will, therefore, neutralize one an- 
other, and the bar will act as if no such currents 
were present. 

There will remain, however, an un-neutralized cur- 
rent flowing in the circuit on the outside of the bar, 
and this current may, therefore, be regarded as the 
magnetizing current. 

In accordance with this theory. Ampere con- 
structed a coil of wire, called a solenoid, which 
formed the equivalent of the magnetizing circuit, 
and which he assumed as the cause of the mag- 
netization. 
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Such a solenoid consists of a coil of wire bent as 
sho.wn in Fig. 72. AVhen traversed by an elecfcric 
current, it acquires all the properties of a magnet. 

The solenoid shown in Fig. 73 is suspended at 
Py Py in two mercury cups Jf, M. connected to an 
electric source. When an electric current flows 
through the solenoid, the ends A and By acquire 
magnetic polarity. If, therefore, the pole By of an 
electromagnet be brought near to the end Ay of 




Fia. 72.— Practical Solenoid. 

the solenoid, the solenoid will be attracted just as 
an ordinary magnet would. 

The application of the solenoid to the production 
of an electromagnet will be more fully explained in 
another Primer. 

The improbability of an electric current contin- 
mdly flqwing in a circuit without any expenditure 
of energy has led nearly all scientific men to reject 
Ampere's theory of magnetism. In order to escape 
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this difficulty, a number of differeiifc theories have 
been formed to account for the phenomena of mag- 
netism. 

It will be seen, however, that these theories bear 
a close resemblance to Amp(>re's theory, save only 




Fio. 73.— Attraction of Solenoid by Permanent BIaomet. 



in that the ultimate particles are assumed to be 
originally magnetized, no explanation being given 
as to how they acquire such magnetization. 

For example. Prof. Hughes has proposed a theory 
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for magnetism which accounts for the phenomena 
of magnetism by the following assumptions : 

(1.) That the ultimate particles of matter natu« 
rally possess opposite magnetic polarities ; namely^ 
+, or north, and — , or south. 
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Fio.74.— Closbd Maonbtio Chain. 

(2.) That when these ultimate particles are ar- 
ranged in closed chains or circuits, with their oppo- 
site poles together, they completely neutralize one 
another so far as any external effect is concerned. 
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Fio. 75.— Closed Groupings. 

Two such arrangements or groupings of the ulti- 
mate particles are shown in Figs. 74 and 75. 

(3.) That the act of magnetization consists in a 
rotation of these ultimate particles so as to cause all 
the positive poles to point in one and the same 
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direction, and all the negative poles to point in the 
opposite direction. According to this theory, the 
bar will be magnetized to saturation when such po- 
larization of all the particles is complete. It will 
be partly polarized when such polarization is but 
partial. 

According to Hughes^ theory, the coercive force 
arises from the resistance the bodv offers to the rota- 
tion of its particles. 

The following facts would appear to strengthen 
Hughes' theory of magnetism : 

(1.) A bar of steel or iron increases sensibly in 
length on being magnetized. This would follow if 
the particles are longer in one direction than in 
another. Mr. Shelford Bidwell has shown that a 
shortening of the substance sometimes accompanies 
magnetization, as in the case of nickel. 

(2.) A tube furnished at its opposite ends with 
plates of glass, and filled with water containing any 
finely divided magnetizable substance in the shape 
of plates or scales, such, for example, as magnetic 
oxide of iron, is nearly opaque to light when unmag- 
netized. When magnetized, however, it will permit 
some light to pass through it, because the plates 
tend then to set themselves with their greatest 
lengths in the direction of the length of the tube. 
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(3.) A magnet when cut at its neutral point will 
possess opposite polarities at its cut ends^ and^ no 
matter to what extent such cutting or subdivision is 
carried, the cut particles will still possess opposite 
polarities. 

(4.) The greater magnetic strength possessed by a 
bar of iron electrolytically deposited in a powerful 
magnetic field. 

Von Betz placed a powerful horseshoe magnet in 
a solution of an iron salt and deposited a plate of 
iron by electrolysis between the poles. Under these 
circumstances the particles of the iron at the time of 
the deposition were subjected to a polarizing force 
which tended to place them all in the same direc- 
tion, and since the state of solution in which they ex- 
isted before their deposition gave them great freedom 
of motion, they were all presumably deposited in lines 
or chains parallel to one another. Therefore, when 
the bar was subsequently magnetized, it should, as 
was found to be the case, become more powerful, in 
proportion to its size, than any ordinary magnet. 

A theory of niagnetism which is in reality a mod- 
ification of the above has recently been proposed 
by Prof. Ewing, and is now generally accepted by 
scientific men. 

Like Hughes, Ewing assumes that the ultimate 
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particles of matter are naturally magnetic, and pos- 
sess polarity. He differs, however, from Hughes, in 
disbelieving in the necessity for assuming a force 
which resists the movement of the molecules during 
their polarization. 

According to Ewing, no such force exists between 
these separate particles except such forces as would 
be produced by their mutual attractions and repul- 
sions. The ultimate particles, though thus free to 
move, only rotate about their centres, and are main- 
tained at constant distances from one another during 
such rotation. 

Ewing has experimentally demonstrated the prin- 
ciples of his theory by means of a model in which & 
number of small magnetic needles are so supported 
as to be capable of free motion in a horizontal plane, 
when under varying magnetic forces. 

The fact that an increase of temperature causes sl 
total loss of magnetism in a substance is very hap- 
pily explained by Prof. Ewing, on the assumption 
that at the high temperatures at which magnetisnr 
vanishes, the ultimate particles of the magnet ar 
set into actual rotation, when, of course, allinfluenc 
of their magnetic effects would disappear. 

That a force suddenly applied produces a grea^ 
effect in causing magnetism than when graduf 
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applied is thought to be due to the inertia of the 
particles. 

It is a well-known fact that a mass of iron subjected 
to magnetization becomes magnetized more readily 
when subjected to vibrations or mechanical shocks. 
This fact is equally explained by the theory of Am- 
pere, by the aid the vibrations afford in permitting 
the particles to rotate into positions in which their 
circuits are parallel, or, according to the theories of 
Plughes and Ewing, to rotate until they are all di- 
rected in one way, or completely pohirized. 

According to Ewing, magnetic hysteresis does not 
result from any quasi-frictional resistance to molec- 
ular rotation^ but rather to the resistance which a 
molecule experiences in moving from any position in 
8l;a.ble equilibrium to some other position of stable 
equilibrium through a position of unstable equili- 
brium. 

^'This process,** says Ewing, ** considered mechan- 

iofitlly, is not reversible. Tlie forces are different for 

ttie same displacement, going and coming, and there 

ia dissipation of energy. In the model, the energy 

ttius expended sets the little bars swinging, and 

their swings take some time to subside. In the 

actual solids the energy which the molecular niag- 

^©t loses as it swings through unstable positions 
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generates eddy currents in surrounding matter. Let 
the magnets of the model be furnished with air 
vanes to damp their swings and the correspondence 
is complete/* 

Ewing discusses the theoretical effects of tempera- 
ture on magnetism in the following manner: Let 
us suppose two moderate magnetizing forces be so 
applied that nothing like magnetic saturation is 
reached; if now the temperature be raised, then — 

(1.) The magnetic permeability increases until a 
certain high critical temperature is reached. 

(2.) At the critical temperature there is suddenly 
almost a complete loss of magnetic quality. 

Ewing explains these facts as follows, viz.: The 
increase in temperature by increasing the distances 
between the molecular centres causes a decrease in 
their stability. 

The loss of magnetic quality on the attaining of a 
certain high temperature is due to the fact that at 
such temperatures the magnetic molecules are set 
into actual rotation when all traces of polarity dis- 
appear. 
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EXTRACTS FROM STANDARD WORKS. 

In a work entitled ''Electricity in the Service of 
Man/'* by Wormell and Perry, page 13, the authors, 
speaking of magnetic induction, say: 

The behavior of magnets toward one another enables us 
to ascertain the magnetic condition of any piece of iron, 
first, present the north-seeking end of the magnet and 
then the south-seeking end to the piece of iron ; if the piece 
of iron attracts both x)oles, it is unmagnetized, that is, it is 
not a magnet ; but if it attracts either of the poles of the 
xnaghet, and repels the other, then it is a magnet having a 
aiorthnseeking and a south-seeking magnetic pole. 

If we continue and vary the above experiment, we find 
tih&t a piece of soft iron in the presence of a magnet is not 
only attracted, but becomes a magnet itself, capable of at- 
tracting another piece, which again might attract a third 
piece of iron, and so on ; only the magnetic strength of 
each succeeding piece is less than that of the preceding 
one. On the magnet being withdrawn, all these pieces of 
iron become detached from each other, showing that they 
"Were only magnetized when the first piece touched the 
magnet. 

Again, if we suspend an iron bar over a surface covered 
with iron filings, the filings and the iron bar have no ac- 
tion upon each other ; but if we now suspend a magnet 

• ** Electricity in the Service of Man : A Popular Treatise on the 
AppUcaticmB of Blertricity in Modem Life," hy R. Wormell, D. Sc. 
H.A., and John Perry, M.E.. F.R.S. London: Cassell & Co., Ltd. 
1886. dS9 pages, 8S6 illascracions. Price, |6.00. 
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over the iron bar, the filiDgs are attracted by the iron bar 
even when it does not touch the magnet. This effect is not 
lessened by placing between the bar and the magnet a 
sheet of glass, wood, or pasteboard. The filings, however, 
fall from the bar immediately on the magnet being with- 
drawn. If we want to ascertain the magnetic condition 
of the bar of iron while the magnet is above it, we can do 
so by means of a declination needle, and we find that the 
pole nearest the south-seeking pole of the magnet exhibits 
south magnetism, and the opposite pole north magnetism. 

From this we see that the bar of iron has become a mag- 
net for the time being, without actually being touched by 
the magnet. During all these experiments the original 
magnet may be observed to have lost nothing of its power. 
It is neither weakened by being used to magnetize a piece 
of steel, nor by acting inductively on soft iron. When 
pieces of iron are brought near a magnet, the magnetism of 
the magnet does not flow over to the piece of iron, but the 
latter becomes a magnet by induction. The vertical bars 
of iron railings often become magnetized in our latitudes, 
the lower ends having north seeking magnetism and the 
upper ends south-seeking magnetjj^. 

Lodge, in his work entitled ** Movlern Views of 
Electricity/' * page 147, speaking of Ampere's the- 
ory of magnetism, says : 

The idea that magnetism is nothing more nor less than a 
whirl of electricity is no new one — it is as old as Ampere. 



**• Modern Views of Electricity." by Oliver J. Lodfire. Lomlon: 
Macmillan&Co, 1889, 122 pages, 65 illustrations. Pri< e, $2.00, 
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Porceiving that a magnet could be imitated by an electric 
whirl, he made the hypothesis that an electric whirl existed 
in every magnet, and was the cause of its properties. Not, of 
coarse, that a steel magnet contains an electric current circu- 
lating round and round in it, as an electromagnet has; noth- 
ing 18 more certain than, that a magnet is not mao:netized 
as a whole , but that each par tide of it is magnetized , and tha t 
the %ctual magnet is merely an assemblage of polarized par- 
ticles. The old and familiar experiment of breaking a mag- 
net into pieces proves this. Each particle or molecule of 
the bar must have its circulating electric cmrent, and then 
the properties of the whole are explained. 

There is only one little difficulty which suggests itself in 
Ampere's theory — how are these molecular currents main- 
tained? Long ago similar difficulty was felt in astronomy — 
what maintains the motions of the planets ? Spirits, vortices, 
and other contrivances we^^e invented to keep them going. 

Bat in the light of Gkdileo's mechanics the difficulty van- 
ishes. Things continue in motion of themselves until they 
are stopped. Postulate no resistance, and motion is essen- 
tially perpetual. 

What stops an ordinary current ? Resistance. Start a 
current in. a curtain-ring, by any means, and leave it alone. 
It win ran its energy down into heat in the space of half a 
second or so. But if the metal conducted infinitely well, 
there would be no such dissipation of energy, and the cur- 
xent would be permanent. 

In a metal rod, electricity has to pass from atom to atom, 
and it meets with resistance in so doing ; but who ib to say 
that the atoms themselves do not conduct perfectly ? They 
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aire kdown to have various infinite properties a'ready ; tbey 
are infinitely elastic, for instance. Pack up a box of gas in 
cotton- wool for a century, and see whether it has got any 
cooler. The experiment if practical should be tried ; but our . 
present experience warrants us in assuming no loss of mo- 
tion among colliding atoms until the contrary has been 
definitely proved by experiment. To all intents and pur- 
poses certainly atoms are infinitely elastic ; why should they 
not also be infinitely conducting ? Why should dissipation 
of energy occur in respect of an electric current circulating 
wholly inside an atom? There is no known reason why it 
should. There are many analogies against it. 

How did these currents originate ? We may as well ask, 
How did any of their properties originate ? How did iheir 
motion originate? Thest questions are unanswerable. Suf- 
fice it for us to say, there they are. The atoms of a partic- 
ular substance— iron, for instance, or zinc — have an electric 
whirl of certain strength circulating in them as one of their 
specific properties. 

This much is certain, that the Amp^rean currents are not 
produced by magnetic experiments. When a piece of steel 
or iron is magnetized, the act of magnetization is not an ex- 
citation of Amperean currents in each molecule —it is not 
in any sense a magnetization of each molecule. The mole- 
cules were all fully magnetized to begin with : the act of 
magnetization consists merely in facing them round so as 
to look mainly in one way— in polarizing them, in fact. 
This was proved by Beetz long ago : I will not stop to ex- 
plain it further, but will refer students to Maxweil (vol, 
ii., chap, vi.) 



XIIL— PHENOMENA OF THE EARTH'S 

MAGNETISM. 



In 1836, at the suggestion of Alexander von Hum- 
boldt, a series of simultaneous observations, con- 
cerning the phenomena of the earth's magnetism, 
were made over portions of the earth's surface situ- 
ated at considerable distances from one another. 

Nearly all the European governments, and most 
of the scientific societies in different parts of the 
world, sent out expeditions to make these observa- 
tions in distant countries. 

By far the most valuable result obtained from 
these observations, which for the greater part were 
made in especially built observatories containing no 
iron in their structure, was the fact that variations 
in the earth's magnetism, occurring at any one part 
of its surface, were simultaneously attended by corre- 
sponding variations over all other parts of its sur- 
face. This practically leads to the conclusion that 
the earth is to be considered as one huge magnet. 

JVe will, therefore, consider the earth to be a mag- 

net, with its poles situated, not exactly at its north 

(179) 
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and south geographical poles, but at some little dis- 
tance from them. 

In reality, a careful study of the earth's magnet- 
ism has led some investigators to believe that the 
earth is rather like an anomalous magnet with four 
poles ; two poles, a stronger and a weaker pole, situ- 
ated in the Northern Hemisphere, and similarly two 
poles, a stronger and a weaker pole, situated in the 
Soutliern Hemisphere. According to Hansteen, in 
the Northern Hemisphere the stronger pole is situ- 
ated in lat. 70^ 5' North, long. 99^ 6' West, wliile 
the weaker pole is situated in Asia, in lat. 85^ 21' 
North, and long. 118*^ 39' East. 

As in the case of an ordinary magnet, the lines of 
magnetic force of the earth may be regarded as 
coming out of the earth at its north magnetic pole, , 
and, after spreading out through the air which cov- 
ers the earth, re-entering it at its south magnetic pole. 

The following facts may be noted concerning the 
distribution of the earth ^s magnetic force : 

(1.) In the neighborhood of the earth's magnetic 
poles the number of lines of force is greater than in 
an equal area at any other place, and is least in the 
neighborhood of a line called the magnetic equator, 
which is situated approximately midway between the 
north and south magnetic poles. 
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(2.) The lines of magnetic force extend from one 
magnetic pole to the other in irregularly curved lines ; 
or, in other words, they pass through the air out- 
side the earth in a rather irregular manner. Their 
general direction, however, at any locality, coincides 
with the direction in which a small magnetic needle 
comes to rest in the earth's field. They do not, 
therefore, point to the true geographical north ex- 
cept at comparatively few places on the surface. In 
most places they point either to the east or to the 
west of the true north. 

(3.) In some parts of the earth^s surface the lines 
of magnetic force extend parallel to the surface, or 
are horizontal thereto, while at others they incline 
or dip to the surface. As a rule they are most nearly 
horizontal in the neighborhood of the magnetic 
equator and are most inclined near the earth's mag- 
netic pples. Remembering the above principles, 
most of the phenomena of the earth's magnetism are 
readily understood. 

A magnetic needle, free to move, no matter where 
placed on the earth's surface, will be in the earth's 
magnetic field, and, when displaced, will soon come 
to rest in a position in which the lines of the 
earth's magnetic force pass through or thread it in 
the direction of its greatest length. If a suffi- 
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ciently great number of magnetic needles were 
placed together so as to nearly cover the earth, they 
would, like iron filings sprinkled over a sheet of 
paper held near a magnet, come to rest in the posi- 
tion of the earth's lines of magnetic force. 

It is a mistake to suppose that a magnetic needle 
always points to the earth's true geographical north 
and south. In point of fact, there are compara- 
tively few places on the earth's surface where the 




Fig. 76.— Declination of Nebdlb. 

needle so points ; for, since the needle comes to rest 
in the direction of the earth's lines of force, and 
since these, except at a few places on the earth's sur- 
face, do not point toward the true geographical north 
and south, the needle must also fail to so point. 

This deviation of a magnetic needle from the true 
geographical north and south is called the magnetic 
declination of the needle. The magnetic declination 
at any place is measured by an angle called the angle 
of declination. If the line N S, Fig. 76, represents 
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the true north and south line, and the magnetic 
needle points in the direction shown in the fig|ure, 
the declination is said to be east, because the devia- 
tion is toward the east. 

The declination of the magnetic needle is some- 
times called the magnetic variation. 

Lines connecting places on the earth^s surface that 
have the same declination are called isogonal lines. A 
map or chart on which such lines are marked is called 
an isogonal map or <*hart. Such an isogonal chsnt 
is shown in Figj 77. The position of the stronger 
magnetic pole in the Northern Hemisphere is shown 
where the ispgotial lines come together at the point 
west of BaflBn Bay. The weaker pole in Asia is 
marked by the position of the oval. In this map 
portioAS of the surfac^ that possess western declina- 
tion are .shaded; those ^hich possess eastern declina- 
tion are left unshaded. 

When a magnetic needle comes to rest in the field 
of another magnet, the lines of force of that magnet 
thread or pass through it, entering and passing out 
at its poles. Therefore, when a magnetic needle 
comes to rest in the earth^s magnetic field, the lines 
of magnetic force will come out of that end of the 
needle which po:n*^s approximately toward the geo- 
graphical north. if, therefore, that pole of a 
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magnetic needle out from which the lines of magnet- 
ic force come be the north pole, it is evident that 
such a north pole must in reality point toward the 
earth's magnetic south pole. The earth's magnetic 
pole in the Northern Hemisphere must, therefore, be 
a south magnetic pole. 

It is for this teason that the terms north-seeking 
pole, or marked pole, have been applied by some to 




Fio. 78.— Marivbr*b Compass. 

that pole of the magnetic needle which points ap- 
proximately to the earth's geographical north. In 
this country, however, this pole is generally called 
the north pole, and the magnetic pole of the earth's 
Iforthem Hemisphere is regarded as the south mag- 
netic pole. For the same reason the French for- 
merly called that pole of the needle which points 
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npproximatoly bo the geographical north the austral 
or south pole ; and the pole which points approx- 
imately to the south, the horeal or north pole. 

A magnetic needle, when used as a mariner's com- 
pass, is a piece of apparatus which is absolutely 
essential to navigation. 

A form commonly given to such a compass is 
shown in Fig. 78. A single magnetic needle, or 
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several smaller -magnetic needles, are placed parallel- 
to each other on the lower surface of a card calle J 
the compass card. This card is divided into fon»-' 
cardinal points, N",, S., E. and W., and these ar^ 
again (subdivided into thirty-two points called- 
rhnmbs. 

til some cards the rhumbs are still further shI>- 
dividi'il into dogrcc'si. Fig.?!) shows the at-fange- 
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ment and the names of some of the rhumbs on a 
compass card. 

In order to insure a horizontal position of the 
compass, notwithstanding the rolling of the ship, it 
is suspended as shown in Fig. 78, on points called 
gimbals. These consist essentially of two axes sit- 
uated at right angles to each other. In order to 
locate the position of a star or a distant object on the 
horizon, sights are provided at G and II, The mag- 
net is placed underneath the compass card, and as 
the card is moved by the earth^s magnetism, the 
amount of its motion is . determined by figures 
marked on a graduated ^rcle in the compass 
box, inside of which the card moves. 

A magnetic needle comes to rest in the earth^s 
magnetic field by reason of a magnetic couple acting 
on it. This will be seen from an inspection of Fig. 
76, where the magnetic needle A B, when in any 
other position than in the magnetic meridian N S. 
will be acted on by two parallel equal forces acting 
in the direction of the arrows A and B, as shown. 
The effect of this couple will be to rotate the 
needle until it comes to rest in the magnetic meri- 
dian JV S. 

Since the magnetic needle comes to rest in the 
earth^s field at any place, in the general direction of 
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the earth's lines of force at that place^ and since^ in 
most places on the earth, these lines are inclined to 
the horizon^ it follows that on most parts of the earth 
a magnetic needle, so supported as to be capable of 
motion in a vertical as well as in a horizontal plane, 
will not come to rest in a horizontal position, but 




Fig. 80.— Dipping Needle. 

will incline or dip with one of its poles toward 
earth. In the Northern IIeniis2)liere it is the n( 
seeking pole which will so incline, while ii 
Southern Hemisphere it is the south-seeking 

The magnetic needle shown in Fig. 80 is 
sentedas coming to rest in an inclined position 
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angle BOO,, which marks the deviation of the needle 
from the horizontal line B, is called the angle of 
dip, or the magnetic inclination of the needle. 

In order to measure the magnetic inclination or 
dip at any place an instrument called an inclination 
or dipping compass is employed. 




Fia. 81.— Inclination or Dipping Compass. 

A well-known form of dipping or inclination com- 
pass is shown in Fig. 81. It consists essentially of 
a magnetic needle M, supported so as to be free to 
move in a vertical plane only. In order to measure 
the angle of dip the vertical circle C C, is first moved 
over the horizontal circle H H, until the needle dips 
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yertieally doTnvi&ni. The Tertic^ plane in which 
the needle is free to more is nov sitnated at right 
angles to the {Line of che magnetic meridian, or in 
the line extending directly through the axis of the 
needle when ic comes to rest in the earth's field. 
The vertical circle is now moved through an angle 
of OCT* from this position, when the true angle of dip 
is roeasared on the vertical circle C C. These steps 
are necessary, because, when free to move in one 
plane only, the needle will not indicate the true 
angle of dip in any other position than in the plane 
of the magnetic meridian. 

We have already seen that the number of the lines 
of magnetic force that pass through a given unit of 
area of cross section is different at different parts 
of the earth's surface. Since the intensity of mag- 
netism depends on the number of lines of force that 
pass through a given space, it follows that the in- 
tensity of the earth's magnetism will be greater in 
some places than in others. This intensity is great- 
est in the immediate neighborhooci of the earth's 
magnetic poles, and is weakest at the earth's mag- 
netic equator. 

The intensity of the earth's magnetism at any 
place; is determined by counting the number of os- 
cillations which a small magnetic needle makes in a 
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given time, when slightly disturbed from its position 
of equilibrium in the earth^s field, before it comes to 
rest. 

Suppose, for example, that such a needle at one 
place makes 211 oscillations in ten minutes, while at 
another place it makes 254 oscillations in the same 
time ; then the relative magnetic intensities of these 
places are as the squares of these numbers ; i. e., as 
44521: 60025 ; or, as 1:1.348. 

Lines connecting places on the earth that have the 
same magnetic intensity are called isodynamic lines, 
and a map or chart, on which such lines are marked, is 
called an isodynamic map or chart. 

Such an isodynamic map or chart is shown in 
Pig. 82. 

Lines connecting places on the earth's surface 
which possess the same angle of dip are called 
isoclinal lines. A map or chart, on which such lines 
are marked, is called an isoclinal map or chart. Such 
a map or chart is shown in Pig. 83. 

The magnetism of the earth is constantly under- 
going changes or variations. If its lines of force were 
visible to the outward eve, thev would be seen at times 
throbbing, slightly changing their direction and posi- 
tion, and becoming more densely crowded together 
in certain regions and more separated in others. 
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These variations in the grouping and position of 
the lines are probably produced both by variations 
in the strength and position of the earth^s magnetic 
poles. 

The variations in the earth's magnetism may, 
therefore, be arranged under three heads ; namely, 

(1.) Variations in the value of the magnetic 
intensity. 

(2.) Variations in the value of the magnetic dec- 
lination. 

(3.) Variations in the value of the magnetic in- 
clination. 

Various theories have been proposed to account 
for the causes of the earth's magnetism. The most 
important of these theories are as follows ; viz., 

I. That the earth's magnetism is caused by elec- 
tric currents which flow or pass around the earth. 

Various agencies hjive been ascribed as the cause 
of such currents ; such, for example, as differences 
of temperature produced in different parts of the 
earth's crust as it rotates on its axis, and thus 
brings various portions of its surface directly under 
the sun's rays. 

As the earth rotates from west to east, the area 
of greatest heat will move around the earth in the 
opposite direction, or from east to west. If, now, 
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such differences of temperature couM produce ther- 
rao-electric currents circulating around the earth 
from east to west, these currents would cause a 
magnetic pole of south polarity to be produced in the 
Northern Hemisphere and a magnetic pole of north 
polarity in the Southern Hemisphere, and thus ac- 
count for the polarity possessed by the earth. 

An objection to this theory is to be found in 
the fact that the greater part of the earth's surface 
at the equator is composed of water, so that it is 
difficult to see exactly how differences of tempera- 
ture could be so set up in the earth's crust as to 
cause the difference of potential required. 

II. That the earth's magnetism is caused by in- 
duction from an already magnetized sun. This 
theory was proposed by Secchi and others, but is not 
generally credited. 

III. That the earth's magnetism is caused by its 
rotation in the magnetic field of the sun's radiant 
energy ; that is, in the sunshine. This theory was 
proposed by Biglow, 

It will be noticed that in all these theories the sun 
is assumed as the prime factor in the production of 
the earth's magnetism. 

That there is necessarily some connection between 
the sun and the earth's magnetism is unquestionably 
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approximate!; to the geographical north the austral 
or Bouth pole ; and the pole which points approx- 
imately to the Bouth, the boreal or north pole. 

A magnetic needle, when used as a mariner's com- 
pass, is H piece of apparatus which is abBolutely 
essential to navigation. 

A form commonly given to such a compasB is 
shown in Fig. 78, A single magnetic needle, or 
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several smaller -magnetic needles, are placed parallel 
to each other on the lower surface of a card called 
the compass card. This card is divided into four 
cardinal points, N"., S., E. and W., and these are 
again subdivided into thirty-two points called 
rhumbs. 

f;i pome cards the rhnmbs are stiil further sub- 
diviilfil into decrees. Fig. 7!) shows the arrange- 



ment and the oames of some of the rhnmbs on a 
compass card. 

In order to insure a horizontal position of the 
compass^ notwithstanding the rolling of the ship^ it 
is suspended as shown in Fig. 78, on points called 
gimbals. These consist essentially of two axes sit- 
uated at right angles to each other. In order to 
locate the position of a star or a distant object on the 
horizon, sights are provided at G and H, The mag- 
net is placed underneath the compass card, and as 
the card is moved by the earth^s magnetism, the 
amount of its motion is . determined by figures 
xnarked on a graduated t^ircle in the compass 
lox, inside of which the card moves. 

A magnetic needle comes to rest in the eartli's 
xnagnetic field by reason of a magnetic couple acting 
on it. This will be seen from an inspection of Fig. 
76, where the magnetic needle A B, when in any 
other position than in the magnetic meridian X S. 
"will be acted on by two parallel equal forces acting 
in the direction of the arrows A and B, as shown. 
The effect of this couple will be to rotate the 
needle until it comes to rest in the magnetic meri- 
dian N S. 

Since the magnetic needle comes to rest in the 
earth^s field at any place, in the general direction of 
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the earth^s lines of force at that place, and since, in 
most places on the earth, these lines are inclined to 
the horizon, it follows that on most parts of the earth 
a magnetic needle, so supported as to be capable of 
motion in a vertical as well as in a horizontal plane, 
will not come to rest in a horizontal position, but 




Fia. 80.— Dipping Needle. 

will incline or dip witli one of its poles toward the 
earth. In the Northern Hemisphere it is the north- 
seeking pole which will so incline, while in the 
Southern Hemisphere it is tlie south-seeking pole. 
The magnetic needle shown in Fig. 80 is repre- 
sented as coming to rest in an inclined position. The 
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anglo B OC, which marks the deviatiou of the needle 
from the horizontal line B, is called the angle of 
dtp, or the magnetic ineliriatiou of (he needle. 

In order to measure the magnetic inclination or 
dip at any place an instrument called an inclination 
or dipping compass is employed. 




ViO. SL—lHOUNAnOH OR DlPPIMO COMPABa. 

A well-known form of dipping or inclination com- 
pass IB shown in Fig. 81. It consists essentially of 
a magnetic needle M, supported so as to be free to 
move in a vertical plane only. In order to measure 
the angle of dip the vertical circle CO, is first moved 
over the horiiontal cirele H H, until the needle dips 
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vertically downward. The vertical plane in which 
the needle is free to move is now situated at right 
angles- to the plane of the magnetic meridian, or in 
the line extending directly through the axis of the 
needle when it conies to rest in the earth's field. 
The vertical circle is now moved through an angle 
of 90** from this position, when the true angle of dip 
is measured on the vertical circle C (7. These steps 
are necessary, because, when free to move in one 
plane only, the needle will not indicate the true 
angle of dip in any other position than in the plane 
of the magnetic meridian. 

We have already seen that the number of the lines 
of magnetic force that pass tli rough a given unit of 
area of cross section is different at different parts 
of the earth^s surface. Since the intensity of mag- 
netism depends on the number of lines of force that 
pass through a given space, it follows that the in- 
tensity of the earth^s magnetism will be greater in 
some places than in others. This intensity is great- 
est in the immediate neighborhood of the earth's 
magnetic poles, and is weakest at the earth's mag- 
netic equator. 

The intensity of the earth's magnetism at any 
place is determined by counting the number of os- 
cillations which a small magnetic needle makes in a 
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given time, when slightly disturbed from its position 
of equilibrium in the earth's field, before it comes to 
rest. 

Suppose, for example, that such a needle at one 
place makes 211 oscillations in ten minutes, while at 
another place it makes 254 oscillations in the same 
time ; then the relative magnetic intensities of these 
places are as the squares of these numbers ; i. e., as 
44521: 60025 ; or, as 1:1.348. 

Lines connecting places on the earth that have the 
same magnetic intensity are called isodjnamio lines, 
and a map or chart, on which such lines are marked, is 
called an isodynamic map or chart. 

Such an isodynamic map or chart is shown in 
Fig. 82. 

Lines connecting places on the earth's surface 
which possess the same angle of dip are called 
isoclinal lines. A map or chart, on which such lines 
are marked, is called an isoclinal map or chart. Such 
a map or chart is shown in Fig. 83. 

The magnetism of the earth is constantly under- 
going changes or variations. If its lines of force were 
visible to the outward eve, thev would be seen at times 
throbbing, slightly changing their direction and posi- 
tion, and becoming more densely crowded together 
in certain regions and more separated in others. 
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These variations in the grouping and position of 
the lines are probably produced both by variations 
in the strength and position of the earth's magnetic 
poles. 

The variations in the earth's magnetism may, 
therefore, be arranged under three heads ; namely, 

(1.) Variations in the value of the magnetic 
intensity. 

(2.) Variations in the value of the magnetic dec- 
lination. 

(3.) Variations in the value of the magnetic in- 
clination. 

Various theories have been proposed to account 
for the causes of the earth's magnetism. The most 
important of these theories are as follows ; viz., 

I. That the earth's magnetism is caused by elec- 
tric currents wliicli flow or pass around the earth. 

Various agencies have been ascribed as the cause 
of such currents ; such, for example, as differences 
of temperature produced in different parts of the 
earth's crust as it rotates on its axis, and thus 
brings various portions of its surface directly under 
the sun's rays. 

As the earth rotates from west to east, the area 
of greatest heat will move around the earth in the 
opposite direction, or from east to west. If, now. 
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such differences of temperature couM produce ther- 
mo-electric currents circulating around the earth 
from east to west, these currents wonld cause a 
magnetic pole of south polarity to be produced in the 
Northern Hemisphere and a magnetic pole of north 
polarity in the Southern Hemisphere, and thus ac- 
count for the polarity possessed by the earth. 

An objection to this theory is to be found in 
the fact that the greater part of the earth's surface 
at the equator is composed of water, so that it is 
diflBcuIt to see exactly how diflperences of tempera- 
ture could be so set up in the earth's crust as to 
cause the difference of potential required. 

II. That the earth's magnetism is caused by in- 
duction from an already magnetized sun. This 
theory was proposed by Secchi and others, but is not 
nerally credited. 

JH. That the earth's magnetism is caused by its 
Nation in the magnetic field of the sun's radiant 
ergyjthatis, in the sunshine. This theory was 
px-oposed by Biglow. 

Jt will be noticed that in all these theories the sun 
18 cusamed as the prime factor in the production of 
^ti.^ earth's magnetism. 

*^hat there is necessarily some connection between 
tlxci sun and the earth's magnetism is unquestionably 
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established from the well-known coincidence exist- 
ing between the times of unusual diBtni'bance in the 
earth's magnetism, known as magnetic storms, and 
those outbureta of solar energy known as smi-spots. 

The results of a series of observations on the 
number and frequency of such spots are plotted in 
the form of the curve shown in Fig. 84. 

Here the distances taken in one direction along 
lines represent the times of occurrence of the 
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Fig. 81.— Wolf'b sun-spot Ndmberb. 
sun-spots, and those taken in a direction at right 
angles to such lines represent the number of sun- 
spots. Such a curve agrees in a remarkable manner 
with a curve similarly constructed by reference 
to the times of occurrence and the frequency ot 
magnetic disturbances. In the chart the full lines 
represent the curves ot sun-spots ; the dotted lines, 
the curves of magnetic storms. 
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EXTRACTS FROM STANDARD WORKS. 

In their "Practical Notes for Electrical Stu- 
dents,"* Vol. I., page 133, Konnelly and Wilkinson 
thus describe some of the phenomena of the earth^s 
magnetic field : 

If a light strip of .steel be mounted at its centre on a 
horizontal axis so that it is perfectly balanced and free to 
move in a vertical plane, and it is then taken off the pivot 
and subjected to the process of magnetization, it will be 
found on replacing it in its bearings that it will appear to 
have one end heavier than the other ; that is, the rod will 
take up a definite inclined position, and will not remain in 
any other position but this. This effect is due to the mag- 
netic field of the earth, and in our latitude it is the north 
pole of the pivoted magnet which is so " inclined " or 
*' dipped" downward. By the exploration of the magnetic 
^eld of an ordinary bar magnet (as shown in Fig. 60) it may 
l>e noticed that the suspended needle "dips" when near 
GitJier pole ; but when over the centre or equator of the 
^i33£i.gnet it remains horizontal, and we account for the 
eflPects observed on the sturface of our globe by imagining 
it 13 axis to be a huge magnet, whose north pole lies toward 
geographical south, and wh se south pole lies toward 
north. If we shift the position of the magnetized steel 

"^ *• Practical Notes for Electrical Students," Vol. I., by A. E. Ken- 
"^oM-yandH. O. Wilkinson. London: The Electrician Publishing 
^^'oxK&paiiy. ISM. 306 pages, I'iSiUustrations. Price, |2.50. 
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strip until it is free to move in a vertical plane coinciding 
with the direction of the magnetic meridian, we have the 
greatest angle of dip ; that is, the magnetized strip takes 
up the direction in which the ** intensity" of the earth's 
field is greatest. 

The angle which the strip or needle so inclined makes 
with the horizontal is termed the angle of ** Dip" or **Jw- 
clination,^^ As we go further north, the** angle of dip" 
increases, and we should expect to find the needle 
nearly vertical in regions near the geographical north pole* 
Similarly, on going south the *' dip *' decreases until there 
is no dip at all. We are then on the ** magnetic equator" 
of our globe, and this equator, in which there is no angle 
of dip, runs very nearly through Aden, Madras, Penang 
and Borneo, being several degrees norih of the geographical 
equator. Going further south still, the needle ** dips " the 
other way, that is, with its south pole downward, the 
angle of dip at the city of Melbourne being about the same 
as in London now, viz., about 67 degrees. At the time it 
was first observed in the year 1576, it was IV 50' in London, 
and it steadily increased, until 147 years after that time it 
had reached 74° 43', since which, down to our present time, 
it has been slowly decreasing. 

It is not within the scope of these papers to describe the 
methods of taking measurements of terrestrial magnetism ; 
these are continually carried out at the different observa- 
tories, with instruments of great precision, as for example 
at Kew and Greenwich, and continuous records are kept. 

The ** Total Intensity'' of the earth's field is the intensity 
measured in a direction inclined to the horizontal by the 
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angle of dip or inclination, and in the vertical plane of the 
magnetic meridian. In order to express this total intensity 
in im'Its of magnetic measurement, or indeed to express the 
strength of any magnetic field in units we must first define 
the unit magnetic pole and the unit of force. 

Silvanus P. Thompson in his excellent little book 
entitled "Electricity and Magnetism/'* on page 113, 
thus refers to the magnetism of the earth : 

Gilbert made the great discovery that the compass 
needle points north and south because the earth is itself 
also a great magnet. The ma<2^etic poles of the earth are, 
however, not exactly at the geographical north and south 
poles. The magnetic north pole of the earth is more than 
1,00D miles away from the actual pole, being in lat. 70^ 5' N. 
and long. 96'' 46' W. In 1831 it was found by Sir J. C. 
RoB8 to be situated in Boothia Felix, just within the Arctic 
Oirde. The south magnetic pole of the earth has never 
been reached; and by reason of irregularities in the dis- 
tribution of the magnetism there appears to be two south 
magnetic polar regions. 

In consequence of this natural distribution the com- 
pass-needle does not at all points of the earth's surface 
point truly north and south. Thus, in 1881, the compass- 
needle at London points at an angle of about 18° 33' west 
of the true norch. This angle between the '' magnetic 
meridian " and the geographical meridian of a place is 

• **ISleinentary Lnssons in Electricity and Magnetism," by Sil- 
' TaaOB P. Tbompsoo. London: Macmillaa & Co. 1881. 456 pages, 
171 lUiutrations. Price. $1 .25. 
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called the magnebic declination of that place. The exist* 
ence of this declination was discovered by Columbus in 
1492, though it appears to have been known previously to 
the Chinese, and it is said to have been noticed in Europe 
in the early part of the 13th century by Peter Peilegrinus. 
The discovery is also claimed, though on doubtful author- 
ity, for Sebastian Cabot. The fact that the declination 
differs at different points of the earth's surface is the un- 
disputed discovery of Columbus. 

In order that ships may steer by the compass, magnetic 
chirts must be prepared and th3 declination at different 
places accurately measured. The upright pieces PP*, on 
the '* azimuth compass" drawn in Fig. 78, are for the pur- 
pose of sighting a star whose position may be known from 
astronomical tables^ ani thus affording a comparison be- 
tween the magnebic meridian of the place and the geograph- 
ical meridian and of measuring the angle between them. 
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In 1819, Oersted, of Copenhagen, made the im- 
portant discovery that a conductor through which 
a current of electricity is passing acquires thereby 
all the properties of a magnet. That an intimate re- 
lation existed between electricity and magnetism had 
been suspected long before this date, but this was 
not definitely established until Oersted, by simply 
closing the circuit of a voltaic battery, found that 
under these circumstances the circuit possessed the 
power of attracting a magnetic needle brought near 
it ; or, in other words, acquired the properties of a 
magnet. 

This exceedingly important elementary fact in 
electro-magnetism can be shown in a variety of ways. 

If, for example, a wire or other conductor, through 
which a current of electricity is passing, be held 
near a freely movable magnetic needle, the needle 
will move and will tend to set itself at right angles 
to the conductor. 

The same thing can also be shown by means of a 

small floating coil of wire through which an electric 

(201) 
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cnrreot is passing, aa in Fig. 85. Here a coil of in- 
Bolated wire is sapported by a small voltaic cell that 
is floated on tho surface of an acid liquid in anj suit- 
able vessel. The liquid acta as the excitiug liquid of 
the floating voltaic cell. If the current pass through 
the wire coil in the direction indicated by the arrows, 
the north pole of a magnet when brought near the 
coil will attract it. 

In this case, as in all similar cases of magnetic 
attraction, the attraction is mutual ; that is, the 
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magnot attracts the coil and the coil attracts the 
magnet. 

Since Jill electric current passing through a con- 
ductor renders the conductor a magnet, the con- 
ductor must possess a magnetic field. 

That a conductor possesses a. magnetic field while 
a current of electricity is passing through it can bo 



BLECTROMAONBTS. 203 

shown by passing h struight conductor vertically 
through a hole at the centre of a stiff card, or a glass 
plate, and sprinkling iron filings on the card or 
plate. 

If, now, while a strong discharge is pasamg through 
the conductor, the pUte or paper be gently tapped, 
the iron filings will at range themselves in the form 
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of concentric circles or rings around the conductor, 
as shown in Fig. 86. 

When a magnetizublo substance is brought into 
the field of an electric current, so that the lines of 
magnetic force pass through it, tlie substance will 
J magnetic and the polarity produced will de- 
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pend on the direction in which the lines of magnetic 
force pass through it. 

When the direction in which an electric current 
flows through a conductor is reversed, the magnetic 
polarity it produces is also reversed. The direction 
of the lines of force produced by an electric current, 
therefore, depends on the direction in which the 
current flows. 

It will, therefore, be necessary to determine the 
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Fig. 87.— Direction of Lines of Forob of Current. 

direction which the lines of magnetic force must be 
assumed to take in such a field, in order to conform to 
the convention already made that the lines of mag- 
netic force come out of a magnet at its north pole, 
and re-enter or pass into it at its soutli pole. 

If an electric current be sent through a conduc- 
tor D, Fig. 87, so as to flow directly toward an ob- 
server, placed so as to look directly down on a plane 
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at right angles to the conductor, then, the magnetic 
polarity produced will be such that the circular lines 
of magnetic force surrounding the conductor must 
be assumed to take a direction opposite to that which 
the hands of an ordinary clock take, or in the di- 
rection shown by the curved arrows in the figure. 

If, however, the observer be placed so as to observe 
these same lines from below, that is, if the current 
is flowing away from him, the lines will, of course, 
appear to take a direction the same as that of the 
[hands of a clock. 




Fig. 88.— DiRBonoN op Lines of Force op Current. 

The direction in which the lines of force circulate 
e,round the entire length of tlie conductor, when the 
current is flowing from the right to the left, is shown 
in Fig. 88. 

As the strength of an electric current increa^s, 
the lines of magnetic force produced increase in 
number and spread outward from the conductor. 
As the current decreases in strength, such lines de- 
crease in number and move inward toward the 
conductor. When, therefore, the current flowing 
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through a conductor rapidly undergoes variations 
in its Btrength, there is thereby produced a wave 
motion in the ether surrounding the conductor. 
Hertz haa called such waves electromagnetic waves 
or radiations. 

We have already seen how. Ampere ntilized the 
magnetic field, produced by a condnctor through 
which an electric current is passing, to produce a 
magnetic solenoid. 




Fia. 89.— An SLEtTTElOKAaREI. 

An application of a solenoid for the production of 
magnetism by the field produced by a current of 
electricity is shown in Fig. 89, where the current of 
a voltaic coll is represented as passing through a 
conductor, coiled around a bar of soft iron, JViS. 
This current, flowing in the direction of the arrows, 
produces the magnetic poles N and S, in the posi- 
tions marked. A magnet produced in this way by 
iui electric current is called an electromagnet. 
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As now generally employed, the term electro- 
magnet is limited to the case of a magnet produced 
by an electric current flowing through a coil, the 
core of which is made of soft iron, and which there- 
fore instantly loses its magnetism on the cessation of 
the magnetizing current. In all such cases, how- 
ever, unless the iron is very soft, and other precau- 
tions are taken, a small quantity of magnetism, called 
the residual magnetism, is retained by the magnet 
on the opening of the circuit. 





Fig. 90.~North and South Magnet Poles. 

The character of the polarity produced in an elec- 
tromagnet depends : 

(1.) On the direction in which the coil is wound. 

(2.) On the direction in which the current passes 
through the coil ; i. e., as to which end of the coil 
the positive terminal of the battery or other source 
is connected. 

No matter what may be the direction of the wind- 
ing, however, the polarity of the coil is reversed, if 
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the connections of its terminals to the source are 



The direction necessary for a current to pass 
through a coil in order to produce a north polo at 
the end fuciTig un observer is shown to the left, and 
that required to produce a south pole to the right of 
Fig. 90. 




OF LiNEB or FORCK. 



The cause of the difference of polarity produced 
by the field of an electric current will be understood 
from a study of the direction taken by the lines of 
magnetic force produced by the current. 

Suppose, for example, that an insulating, con- 
ducting wire be wrapped around a bar of soft iron 
as shown in Fig. 91. Bearing in mind that the 



ELECTRO MAGNETS, 



209 



direction of the lines of force is the same as that 
of the hands of a watch, when the current is flow- 
ing away from the observer, then the direction 
which these lines will hake will be that shown in 
figure. When a bar or core of soft iron is placed 
inside this coil, the lines of force will enter and pass 
through it in the direction shown. That end of tl.o 
bar, therefore, out from which these lines pass 






-Rioht-Handed, Lept-Handbd and Anomalous 

Helices. 



will be the north pole of the magnet, and that end 
into which they. pass will be the south pole. 

In Fig. 92, a number of coils of wire or helices 
are shown, in which the coils are wrapped in differ- 
ent directions. Three such coils are here shown. 

(1.) A right-handed helix at 1. 

(2.) A left-handed helix at 2. 
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(3.) A helix wound for the production of anoma- 
lous polea at 3. 

In Fig 93 is shown a form very often given to 
the electromagnet. Tliis, as will be seen, consists 
of two coils of insulated wire wrapped around 
two cores of soft iron that are joined together by 
a yoke or piece of soft iron at one end, and whose 
free ends form the poles of the magnet. The coils 
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of wire are so wound that when connected at 
one set of ends, and an electric current is passed 
throngh the coils by connecting i;n electric source to 
their other ends, a north and a son th pole is pro- 
duced at the free ends of the core. 

In order to understand how the passage of an 
electric current through the magnetizing coils, that 
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are placed on the core of an electromagnet, pro- 
duces poles therein, attention is again called to 
Fig. 92. If a current be sent through the right- 
handed helix at 1, from h to a, that is, from left to 
right, it will produce a south pole at h, and a north 
pole at a. If, however, it be sent through this helix 
from a to i, or from right to left, the polarity will 
be reversed. 

If the current be sent through the left-handed 
helix shown at 2, from a to h, or from left to right, 
a north pole will be produced at a, and a south pole 
at h ; if, however, the direction be reversed, the 
polarity will also be reversed. 

In order to understand the method of winding 
an electromagnet, let us suppose that a coil of in- 
sulated wire is wrapped around a long, straight core. 
The coil is wrapped continuously around the core 
from one end to the other. Let us say from left to 
Tight. 

When one flayer has thus been placed over the 
core, a second layer is placed on top of this and the 
"winding now proceeds from right to left. On 
reaching the end of the core to the left, a third 
layer is now wound on the second from left to right, 
and so on, until a sufficient number of layers have 
\)eea wound on the core. If, now, this straight core 
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be bent into the form of a horseshoe magnet, the 
coils will be wound on the two separate legs iu the 
manner required to produce north and south poles 
respectively at the ends of the bar. 

When an electric current is sent through such a 
magnetizing coil, as it enters the coil it will pass 
through the first layer of the wire, let us say from left 
to right, as before the coil was bent. On passing 
through the second layer it will flow, however, from 
right to left ; it will pass through the third layer 
from left to right ; through the fourth layer from 
right to left, and so on until it emerges at the 
other end of the magnetizing coil. 

Now the changes in the direction of the current, 
which occur at the ends or poles of an electromag- 
net, where the current passes from one layer to the 
next succeeding layer, cause it to produce poles of 
the same name at each of such ends. Consequently, 
the strength of the magnetization produced will, iu 
general, increase with the number of layers of wire 
through which the current is caused to pass. 

The following laws express the more important 
principles concerning electromagnets.: 

(1.) The strength of an electromagnet is nearly 
proportional to the strength of the magnetizing cur- 
rent, provided the core is not saturated. 
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(2.) The strength of an electromagnet is propor- 
tional to the number of turns of wire on the mag- 
netizing coil ; or to the number of ampere turns : i. 
e., the turns through which one ampdre of current 
flows. 

A short interval of time is required for a current 
to thoroughly magnetize a powerful electromagnet. 
A short interval of time is also required for such a 
magnet to thoroughly lose its magnetism. Never- 
theless, an electromagnet is capable of losing and 
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FiQ. 94.— Cylindrical Electromagmkt. 

acquiring its magnetism with great rapidity. It is, 
indeed, this property of the electromagnet that ren- 
ders it of such great value in so many of the prac- 
tical applications of electricity. 

Various shapes are given to electromagnets. The 
horseshoe form already shown in Fig. 93 is the 
commonest of these forms. There are a variety of 
horseshoe electromagnets. 

The variety of horseshoe magnet shown in Fig. 94 
is called the cylindrical electromagnet. It was de- 
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vised by Joule. T|ie core of this form of magnet 
consists of a linllow cylinder provided with a Blot 
exteiidiiiff pai-allel to the axis. The gap in the cyl- 
inder Bii)!ieos for the placing of the magnetizing 
coils, and also forms its poles as shown. 

One of the adviintages possessed by a horseshoe 
magnet arises from the fact that its opposite poles 
are brought near together and, therefore, their 
:itti-action for an armature of soft iron is greatly 
increased. 




Another sidvantage arises from the fact that the 
ai, space or gap, through which the lines of magnetic 
foioe pass from one pole to the other, is considerably 
decreased, nnd, therefore, the resistance of the mag- 
netic circuit becomes smaller. 

The form of magnet shown in Fig. 95 is called the 
iron-clad magnet. It consists of a magnet with a 
straight core, but has its magnetizing coils almost 
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entirely surrounded by iron. The effect of this is to 
greatly decrease the resistance of the magnetic cir- 
cuit, and also to bring the opposite poles near to one 
another, and thus to greatly increase the force with 
which they act on an armature. 

When it is desired to obtain a number of poles on 
the same bar, the magnetizing coils may be wound 
in the manner shown in Pig. 96. In this case the 
magnet is called a zigzag electromagnet. Its polar- 
ity will be alternately north and south as shown. 




Fio. 96.~ZiGZAa Electromaonbt, 

A very important form of electromagnet is called 
a solenoidal magnet. In Fig. 97 is shown the wind- 
ing of the coil for this form of magnet. The mag- 
netizing coils are wound around a cylinder, which is 
afterward removed, for the insertion of the movable 
core. In a solenoidal magnet the core is moved or 
sucked into the magnetizing coils by their attraction, 
or is expelled therefrom by their repulsion. In such 
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II mngnet the motion of the core in one direction is 
obtained by the force of magnetism and the motion 
in the opposite direction by the action of a weight 
or spring. 

S^ich a magnet is especially employed where it is 
desired to obtain a wide range of motion of the 
armature or movable core for a great variety of pur- 
poses. 




Fia. 97. -Con. POR SOLBHOIDAL MlONET. 



When a core of uniform diameter is drawn into 
a cylindrical coil, the attraction or pull is not uni- 
form in strength for different positions of the bar. 
As the bar or core is just entering the solenoid, the 
mitgnetic pull is strongest. As soon as the core 
passes the middle of tlie coil, the attraction de- 
creases, and, when the centres of the core and the 
coil coincide, (he motion ceases, because, in this 
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position^ both ends of the solenoid attract equally in 
opposite directions. 

By proportioning the core as shown in Fig. 98, 
so as to obtain a greater mass of material near the 

middle portion, a fairly uniform pull may be ob- 

' • • • , ■ 

tained throughout a considerable length of the core. 
Such shaped cores are koown technically as Krizi)c^s 
bars or cores. 



Fig. 96.— Krizik's Bars or Corbs. 

The following effects are produced by placing a 
core of soft iron within a magnetizing coil ; namely, 

(1.) The lines of force produced by the coil are 
concentrated on, and pass through, the path pro- 
vided by the core. 

(2.) The closed magnetic circuits, which are be 
lieved to exist naturally in the ultimate particles of 
the iron, open out ,or unclose, when the iron is placed 
iu a magnetic field, and are added to the lines of 
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force produced by the current itself. This opening 
out of the closed lines of magnetic force of the 
ultimate particles is, therefore, attended by the 
formation of new lines of polarized particles. 

According to Lodge, there are, roughly speaking, 
for every single line of force produced by an electric 
current, some three thousand lines of magnetic force 
added to it from the iron. The number, however, 
will vary with the physical condition of the iron and 
with the degree of its magnetization. 
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EXTRACTS FROM STANDARD WORKS. 

S. p. Thompson, in his " Lectures on the Electro- 
magnet/** page 110, in referring to the action which 
the magnet exerts in attracting a piece of iron at a 
distance, says : 

* What is the law of force of a magnet — or electromagnet — 
acting at a point some distance away from it ? I have a very 
great controversy to wage against the common way of re- 
garding this. The usual thing that it ic proper to say is that 
it all depends on the law of inverse squares. Now, the law of 
inverse squares is one of those detestable things needing to 
be abolished, which, although it may be true in abstract 
mathematics, is absolutely inapplicable with respect to 
electromagnets. The only use, in fac£, of the law of inverse 
squares, with respect to electromagnetism, is to enable you 
to write an answer when you want to pass an academical 
examination, set by some fossil examiner, who learned it 
years ago at the university, and never tried an experiment 
in his life to see if it was applicable to an electromagnet. 
In academical examinations they always expect you to give 
tihe law of ii\verse squares. What is the law of inverse 
squares? We had better understand what it is before we 
cx>ndemn it. It is a statement to the following effect — that 
the action of the magnet (or of the pole, some people say), 

"-^■^■.MWI^^M r 1 1 Ml I ■ - - - 

* ** Leoturaai on the Electromagnet,'* by SilvanuB P. Thompson. 
1891. New York: The NV. J. Johnston Co Ltd. 288 pages, 75 illlua- 
trationa. Price fi.OO. 
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at a point at a distance away from it, varies inversely as 
the square of the distance from the pole. There is a cer- 
tain action at one inch away. Double the distance ; the 
square of that will be four, and, inversely, the action will 
be one-quarter ; at double the distance the action will be 
one-quarter ; at three times the distance the action is one- 
ninth, and so on. You just try it with any electromagnet ; 
nay, take any magnet you like, and unless you hit upon the 
particular case, 1 believe you will find it to be universally 
imtrue. Experiment does not prove it. 

Coulomb, who was supposed to establish the law of in- 
verse squares by means of the torsion balance, was working 
with long thin needles of specially hard steel, carefully 
magnetized, so that the only leakage of magnetism from 
the magnet might be as nearly as possible leakage in radi- 
ating tufts at the very ends. He practically has point poles, 
when the only surface magnetism is at the end faces, and 
the magnetic lines leak out like rays from a centre, in radial 
lines. Now the law of inverse squares is never true, except 
for the action of points ; it is a point law. If you could get 
an electromagnet or a magnet with poles so small in pro- 
portion to its length that you can consider the end face of 
it as the only place through which magnetic lines leak up 
into the air, and the ends themselves to be so smaU as to 
be relatively mere points ; if, also, you can regard these end 
faces as something so far away from whatever they are 
going to act upon that the distance between them shaU be 
large compared with their size, and the end itself so small 
as to be a point, then, and then only, is the law of inverse 
squares true. It is a law of the action of points. 
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An electrically charged body, like a magnet, pos- 
sesses a field of influence which surrounds it. This 
field is called the electrostatic field, and is traversed 
by lines of electrostatic force. When a conductor 
is brought into this field, it becomes electrified by 
what is called electrostatic induction. 

Electrostatic attractions and repulsions take place 
along, or in the direction of, lines of electrostatic 
force. Electric level or pressure is measured along 
such lines of force. 

If, as in Fig. 99, an insulated conductor A B, is 
brought into the electrostatic field produced by the 
positively charged body C, then : 

(1.) A charge will be produced on A B, as will 
be shown by the repulsion of the pith balls attached 
thereto. 

(2.) This charge will be negative at the end 
A. nearest (7, and positive at the end B, farthest 
from C. 

(3.) The charges at A and B, are equal in amount ; 

for, if, without touching the insulated conductor A 

(231) 
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By it be" removed from the field of (7, the opposite 
charges at A and J9, will completely neutralize each 
other. 

(4.) If, however, the conductor A B, be touched 
at any point by an earth-connected conductor, it 
will lose its positive charge and will then remain nega- 
tively charged although removed from the field of C. 

(5.) The amount of the opposite charges pro- 
duced by electrostatic induction can never be greater 
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Fig. 99.— Electrostatic Induction. 

than the charge in the inducing body (7, that is to 
say, the induced negative charge at A, may be suffi- 
cient in amount to neutralize the positive charge O, 
if allowed to do so, but can never be greater than 
this amount. In point of fact, this charge is gener- 
ally less than the induced charge. 

It will now be understood tliat the cause of the 
attraction of bodies by electric charges is a case ot 
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electrostatic induction. In all such cases induction 
precedes attraction and the attraction is due to the op- 
posite charge produced at those parts of the attracted 
hody that lie nearest the attracting body. 

For example, a pith ball B, suspended as shown 
in Fig. 100, between the insulated charged con- 
ductor Ay and the earth-connected conductor C, will 
receive by induction a negative charge on the side 
which lies nearest to -4, and a positive charge on the 
side which lies furthest from A. It will, therefore. 




Fig. 100.— Induction Preoedbs Attraction. 
"be attracted to A, Where, receiving a positive charge, 
it will be repelled to (7, where it is discharged and 
"tends to assume a vertical position. Induction, how- 
ever, again takes place, and successive attractions 
and repulsions follow one another as long as a suf- 
ficient charge remains on A. 

Electrostatic attractions and repulsions of this 
character occur in the well known piece of appar- 
atus called the electric chimes, shown in Fig loi, 
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Here two bells, B, B, are electrically connected to 
the positive or prime contluctor of an electrical ma- 
chine. The central bell C, is insulated from these 
conductors by means of the ailk thread by which it 
is hung, but it is connected to the ground by means 
of the metal chain as shown. Under these circum- 
staucee metallic clappers /, /, insulated by silk throada 
t, t, are attracted to the bells by meansof the indnoed 
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charges produced in them under the influence of 
electrostatic induction from B, B, and, receiving 
positive charges, are then repelled to C, where, losing 
their charges, they are again attracted to B, B. In 
this manner the bells will continue tn ring as long 
as the electric machine is kept in motion. 

The amount of the electric charge produced by 
electrostatic induction depends : 
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(1.) On the amount of charge on the inducing 
body ; or, in other words, on the strength of the 
electrostatic field . 

(2.) On the distance the body receiving the 
charge is from the inducing body. 

(3.) On the character of the medium which sepa- 
rates the inducing from the induced body. 

Substances which permit electrostatic indue 
tion to take place through them are called dielec- 
trics. 

Dielectric substances differ greatly in the ease 
with which they permit electrostatic induction to 
bake place through them; that is, they differ in 
KViiat is called their dielectric capacity, or in their 
jpecific inductive capacity. 

In order to measure the specific inductive capacity 
>f different substances, Faraday employed tho appa- 
ratus shown in Fig. 102, in which an insulated 
:^ietallic sphere A, is placed inside a hollow metallic 
Jphere B, and the cylindrical space between A and 
B, filled with the material whose specific inductive 
capacity is to be measured. 

The specific inductive capacities of most sub- 
stances are compared with that of air. As a rule, 
good dielectrics are also good insulators or poor con- 
ductors. In the following table the specific indue- 
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tive capacities of a few well known dielectricB is 
given : 



Air 1.00 

Glass 3.018t( 

Shellac 3.740 

Sulphur ., .2.680 
Ouita percba... 3.462 
Eboni- -' ~" 



lDdia-rubber....3.330 to 3.497 



Petroleum 3.080 to 8.070 

Parufflne (solid) 1.994 
Carbon bisul- 
phide 1.810 

Carbonic acid., .1.00036 

HydroKeD 0.BWB7 

Vacuum 0.89M1 



Fid. 102.— Fib AD* T' 




While the conductor A li, shown in Fig. 99, ia 

under tlie inlliieiico of the positively charged body 
C, it will part witii its positive charge on being 
touched by an earth-counected body, but will retain 
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its negative charge^ no matter at what point it is 
touched. 

It retains its negative charge because this charge 
is held or maintained on the surface of Ay by the 
attraction of the opposite positive charge on B. A 
charge in this condition is called a bound charge, in 
order to distinguish it from a free charge, or a 
charge situated on the surface of a body placed at so 
considerable a distance from any other body as to 
practically free it from its influence. 

In order to discharge a bound charge it is neces- 
sary to simultaneously connect the two opposite 
charges by means of a conductor. A bound charge 
was formerly known as dissimulated or latent elec- 
tricity. 

That very important piece of electrical apparatus 
known as the Leyden jar, depends for its operation 
on the action of electrical induction and bound 
charges. 

The discovery of the Lsyden jar was made by Von 
Heist in 1745. With a view of fixing electricity on 
an insulated substance. Von Kleist led the elec- 
tricity into a glass bottle containing mercury by 
means of a brass wire attached to the conductor of 
an electric machine. 

^*As soon/^ he says, ^'as this little glass with tho 
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pin is removed from the electrical machine, a flam- 
ing pencil issues from it so long that I have been able 
to walk sixty paces in the room with this little burn- 
ing machine; and, if the finger, or a piece of money, 
be held against the electrified pin, the stroke coming 
out is so strong that both arms and shoulders are 
shaken thereby. '^ 

The discovery of the Ley den jar produced an in- 
tense excitement throughout the scientific world. 

Tiberius Cavallo, in a work on electricity published 
in 1795, speaks as follows about the discovery of the 
Lcyden jar : 

Since the time of this discovery the prodigious number 
of Electricians, experiments and new facts that have been 
daily produced from every corner of Europe and other parts 
of the world is almost incredible. Discoveries crouded upon 
discoveries; improvements upon improvements, and the 
science ever smcethat time went on with so rapid a course, 
and is now spreading so amazingly fast, that it seems as if the 
subject would soon be exhausted, and Electricians would 
arrive at the end of their researches ; but, however, the ne 
plus ultra is, in all probability, as yet at a great distance, 
and the young Electrician has a vast field before him highly 
deserving his attention and promising further discoveries, 
perhaps equal, or more important than those already 
made. 

The Leyden jar consists essentially of two conduc- 
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tors placed near each other, but separated by a good 
dielectric. tJnder these ci re uni stances a bound 
charge is produced by induction through the di- 
electric on the surfaces of the two plates, when one 
of the coatings is connected with the positive con- 
ductor of an electric macbine, and the other coating 
is connected with the ground. 

The form generally given to the Leyden jar is 
shown in Fig. 103, in which two metallic coatings 
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are placed opposite each other on the outside and 
inside respectively of a glass jar. 

The metal coatings should not extend to more than 
about two-thirds the lieight of the glass jur. In 
order to avoid a loss of the charge by the electricity 
creeping over the surface in damp weatlier, the un- 
coated part of the jar should be coated with shellac 
vamisb. 
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The i.iiier coating of the jar is generally con- 
nected to the knob by means of a metallic chain, 
which passes through an opening in a cork or 
vooden block secured to the mouth of the jar. This 
manner of supporting the knoh and chain connected 
to the inner coating is., however, very objectionable, 
since in damp weather, even thougli the bare glass 
of the jar be covered by shellac varnish, the damp 
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wood or cork block, which ia in direct connection 
with the glues, permits a leakage of the charge. 

In order to overcome this difficulty Sir William 
Thomson devised the form of jiir shown in Fig. 104. 
Here the knob is 8U]>ported on three feet, which 
rest against the inner coating, aud, in this way, the 
uncoated part of the glass, which as usual is covered 
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readily dried and 



with shellac varnish, 
cleaned. 

In aome electrical apparatus the inner coating of 
the Leyden jar is formed by a layer of stilphuric 
acid, which serves the double purpose of acting as a 
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coating and of keeping the lusidc of the jar dry by 
absorbing the moisture of the air. 

Where it is desired to obtain a more powerful dis- 
charge than that furnished by it single jar, a number 
of separate jars have all their inner couliugs cou- 
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The i.iiier coating of the jar ie generally con- 
nected to the knob by means of a metallic chain, 
which passes through an opening in a cork or 
woixlen block eecured to the mouth of the jar. This 
manner of supporting the kuoh and chain connected 
to the inner coating is, however, very objectionable, 
since in damp weather, even thopgh the bare glass 
of the jar be covered by shellac varnish, the damp 
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wood or coi'k block, which is in direct connection 
with the glass, permits a leakage of the charge. 

In order to overcome this difficulty Sir William 
Thomson devised the form of jar shown in Fig. 104. 
Here the knob is supported on three foet, which 
rest against the inner coating, and, in this way, the 
UQCoated part of the glass, which as usual is oorered 
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shellac varnish, can be readily dried and 



cleimed. 

In Bonie electrical apparatus the inner coating of 
the Leyden jar is formed by a layer of Biilphiiric 
acid, which sei'veB the double purpose of acting as a 
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coatiug and of keeping the inside of the jar dry by 
absoi'biug tho moisture of the air. 

Where it is desired to obtain a more powerful dis- 
charge than that fnrnished by a single jar, a number 
of separate jars have all their inner ooalinge oou- 
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nected together to form a single large inner coating, 
and all their outer coatings similarly connected to 
form a single large outer coating, the separate jars 
forming one large jar, or Leyden battery as shown 
i:i Fig. 105. Under these circumstances a charge of 
much greater volume is obtained. 

The discharge of such a battery may be readily 
passed through anything placed on the insulating 
table shown in the figure by connecting the outer 
coating of the battery to one of the insulated points 




Fig. 106.— Series or Cascade Charging of Lbtdbn Jabs. 

or knobs by a conductor, and the inner coating to 
the other insulated knob or point by the discharging 
rod as shown. 

When it is desired to obtain a discharge of greater 
jumping power or difference of potential than that 
obtained with the jars connected as above, the jars 
may be connected in cascade, or, as it is more com- 
monly called, in series, in which case the inner coat- 
ing of the first jar is connected to the outer coating 
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of the eeoond, and the inner coating of the second 
to the onter coating of the third, and so on as shown 
in Pig. 106. 

Jars, 80 charged, may be discharged either in se- 
ries or in muitiplc. In this latter caee all the inner 
coatings are first connected together to form a single 
inner coating, and all the outer coatings are similarly 
connected together to form a single outer coating, 
before discharging. 
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The discharge of a Leyden jar does not consist of 
a single disraptive discharge, but of a number of 
partial discharges and recharges which produce true 
oscillatory or surging discliargea. This peculiarity 
of the discharge was first discovered by Prof. Joseph 
Henry. 

A Leyden jar possesses a much greater capacity 
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for receiving an electric charge than would a single 
conductor isolated from other conductors. It is for 
this reason that such an apparatus is often called a 
condenser. 

Were the conducting plate A, Fig. 107, connected 
to the- conductor of an electrical machine, without 
being placed near any other conductor, it would re- 
ceive only a comparatively small charge ; but, if 
placed near (7, from which it is separated by a di- 
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Fig. 108.— Method of Construction of a Condbnser. 



electric B, then, if C, is connected to the ground, 
the plate A, can receive a much greater charge ; for, 
as A, receives a charge it produces by induction an 
opposite cliarge on that side of the plate C, which 
lies nearest to it, and repels a positive charge to the 
ground. The mutual attraction of these opposite 
charges practically leaves the plate A, free to receive 
a fresh charge from the machine. 

In reality the charge of a condenser resides on the 
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opposite surfaces of the dielectric, as can be shown 
by means of a jar in which the coatings are readily 
separated froiii the glass. 

Such a jar is called a dissected Leyden jar. It is 
usually made with metallic coatings of tin or other 
sheet metal, which fit closely to the outside and 
inside, l-espeotively, of a dry glass jar. The inner 
coating is connected with a knob extending above 
the top of the glass jar. When the jar is charged, 
its three parts are then dissected or taken apart, 
when the metallic coatings can be safely handled. 
Even the glass jar can be touched on the outside or 
the inside without losing much of its charge. On 
putting the jar together again, the connection of its 
two coatings will produce a considerable discharge. 

On dissecting the jar, after charging it, it is, of 
course, necessary to avoid simultaneously touching 
both coatings. 

Condensers are employed in a variety of apparatus. 
In practice they are made of sheets of tinfoil a, a, a, 
and S, S, h (Fig, 108) connected to one another in 
two separate sets, by means of the metal bars A and 
B, respectively. The separate slieets of tin -foil are 
separated from one another by sheets of paraffined 
paper, or thin plates of mica. 

The capacity of a condenser is measured in prac- 
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condition in a conductor. If the electrified cylinder have 
no conductor near it, but only air, which is an insulator, it 
cannot produce this induction, but can only produce a 
pressure or strain on the insulating medium due to the 
tendency to produce induction. The medium offers resist- 
ance to the electromotive force just as a table offers re- 
sistance to the fall by gravity of a weight. Putting the 
metal balls in the strained space relieves the strain and 
they suffer induction. 

I will now show you one or two of the applications of 
this principle of induction. The first illustration is with 
the gold leaf electroscope. I rub my glass rod with silk. 
I bring it near the disc of the electroscope. The leaves 
diverge. The rod is positive. It a tracts negative to the 
disc and repels positive to the gold leaves and causes thorn 
to diverge. I remove the glass rod. Induction ceases. 
The leaves collapse. 

I now repeat the experiment in another way. Holding 
the rubbed glass as before near the disc of the electro- 
scope, I touch the latter with my finger. The repelled 
positive condition passes through my body to the ground. 
The gold leaves are now negatively electrified and.' stand 
apart. I remove my finger and tben Ihe glass rod, and the 
leaves remain apart, being negatively electrified. 
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EXTRACTS FROM STANDARD WORKS. 

The peculiarities of the phenomena attending 
electrostatic induction are thus described by Forbes 
in ** A Course of Lectures on Electricity,"* page Hi, 
delivered before the Society of Arts : 

Here I have two large metal balls in contact, but each on 
an insulated stand of glass. Neither ball is electrified. 
Now, I take a glass cylinder and rub it with silk. It is 
now positively electrified. I touch the gold leaf electro- 
scope with the electrified cylinder, and the leaves diverge 
with positive electrification. I now place the electrified 
glass cylinder close to one of the balls, but not touching. 
Now, the cylinder produces an electromotive force, attract- 
ing as it were negative electrification to the nearest ball, 
and repeUing positive to the farther one. I take away the 
farthest ball and bring it near the disc of the gold leaf elec- 
troscope. The leaves diverge further, showing positive 
electrification. I now bring the other ball near it and the 
leaves collapse. The two balls have been electrified by in- 
duction, one positively, and the other negatively. 

Thus we see that not only can an electriiied body pro- 
duce a visible effect in the way of motion on a material 
body, but it is also able to attract and repel the electrical 



♦••A Ckraree of Lectures on Electricity, Delivered before the 
Society of Arts," by George Forbes. London: Longmans, Green 
i Co. 1888. 163 pages. 17 illustrations. Price. $1.50. 
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condition in a conductor. If the electrified cylinder have 
no conductor near it, but only air, which is an insulator, it 
cannot produce this induction, but can only produce a 
pressure or strain on the insulating medium due to the 
tendency to produce induction. The medium offers resist- 
ance to the electromotive force just as a table offers re- 
sistance to the fall by gravity of a weight. Putting the 
metal balls in the strained space relieves the strain and 
they suffer induction. 

I will now show you one or two of the applications of 
this principle of induction. The first illustration is with 
the gold leaf electroscope. I rub my glass rod with silk. 
I bring it near the disc of the electroscope. The leaves 
diverge. The rod is positive. It a tracts negative to the 
disc and repels positive to the gold leave? and causes thorn 
to diverge. I remove the glass rod. Induction ceases. 
The leaves collapse. 

I now repeat the experiment in another way. Holding 
the rubbed glass as before near the disc of the electro- 
scope, I touch the latter with my finger. The repelled 
positive condition passes through my body to the ground. 
The gold leaves are now negatively electrified and.' stand 
apart. I remove my finger and then the glass rod, and the 
leaves remain apart, being negatively electrified. 



XYL—FRICTIONAL AND INFLUENCE 

MACHINES. 



In order to readily produce electrical charges, 
various forms of frictional, or electrostatic influence 
machines are employed. A common form of such 
a machine, shown in Fig. 110, is known as the plate 
or frictional electrical machine. 

The frictional electrical machine consists essen- 
tially of a plate A, of glass, supported on a hori- 
zontal axis, on which it can be readily rotated. 

A rubber, formed of soft leather covered with an 
amalgam of tin and mercury, produces friction 
against the glass plate on the rotation of the plate. 
By this friction the glass becomes positively charged 
and the rubber negatively charged. 

An insulated conductor D, called the positive or 
prime conductor, takes off or collects the charge 
from the glass plate, as the plate rotates between 
them, by means of a comb electrically connected to 
Z>, and furnished with metallic points placed on both 
sides of the plate. A smaller conductor, connected to 
the rubber by means of metallic plates placed on the 
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oatside of Ihe rubber, receives a negative charge. 
Thia conductor is sometimes connected to the ground 
by means of a conducting wire or chain. Under 
these circumstances the sparks given oB by the 
positive conductor are found to be larger. 

Neai-ly all forma of frictioual electrical machines 
are so dependent for their proper working on the 
condition of the air as regards the quantity of moiet- 




FlG. 110.— Fbictidnai, Electrical Machine. 
nre present, and so readily uither cease working 
entirely, or weaken ou the approach of dump 
weather, that they have been almost entirely replaced 
by various forms of machines that depend (or their 
action- on electrostatic induction. This change has 
been hastened by the fact that induction machines 
are much more powerful than any form of frictional 
electrical machine that has yet been devised. 
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To thoroughly understand the principles of opera- 
tion of any form of influence machine, it will he 
necessary to study very carefully the construction 
and operation of a small form of induction machine 
called the electrophorus. 

The electrophorus consists essentially of a disc of 
hard ruhber or vulcanite B, Fig. Ill, placed in a 
metallic form or dish. When briskly rubbed by a 
piece of cat's skin, the vulcanite becomes negatively 




Fig. 111.— Elbotrophorus— Charqinq. 

charged. When, now, an insulated metallic disc A, 
is placed on the middle of the vulcanite disc, the 
negative charge in B, induces a positive charge on 
that side of A, which lies nearest B, and a negative 
charge on the side which lies furtliest from B, 

If, now, while in this condition, the disc- A, be 
removed from B, by means of the insulated haiidle, 
no electrical effects will be present in it, since the 
two opposite and equal charges completely neutralize 
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each other. If, however, the disc A, be first touched 
by the finger, or other earth-counected body, it will 
lose its free negative charge and retain its bound 
positive charge ; and, if it then be raised or removed 
from the vulcanite disc, it will be found to possess a 
permanent positive charge, as can be shown by hold- 
ing the knuckle to it, as shown in Fig. 112, when 
removed from the vulcanite disc. 




B 




Fig. 112.— ELECTROPHORUS-DlSOHARQIKa. 

One of the commonest forms of electrostatic in- 
duction machines is seen in the well-known Holtz 
machine shown in Fig. 113. 

The Holtz electrostatic induction machine consists 
of the following parts : 

(1.) A stationary glass plate A, fixed at its edges 
to insulated supports. 
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(3.) A movable pUte B, supported on an axis so 
as to he capable of rapid rotation. 

(3.) Pieces of varnislieJ paper /,/', called arma- 
tures, placed ou opposite sides of tiie lixed plate 
near poles or windows cut in the plate. The arma- 
tures are placed on the back of the fised plate, 
that is, on the side furthest from the moving plate, 
so that, on rotation, the parts of the plate move to* 
A 




m^m 
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vard tongues of variiislied paper attached to the 
middle of the armature. 

(4.) Metal combs P, P', placed in front of the 
movable plate and connected to brass conductors 
■n, m, one of which is movable toward and from the 
other by means of a suitable supporting insulated 
handle connected therewith. 

When a small initial charge is given to one of the 
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armatures, by holding a plate of electrified vulcanite 
against it, and rotating the plate while the balls are 
in contact, as soon as the machine is charged and 
the balls are gradually separated, a torrent of sparks 
will continue to pass between them as long as the 
plate is rotated. 

If the balls are separated too far, the machine will 
lose its charge. The balls must then again be brought 
into contact and again gradually separated as be- 
fore. 

The lloltz machine is, in reality, a species of re- 
volving electrophorus. It differs from an electro- 
pliorus mainly in that it is provided with means for 
constantly charging, discharging and recharging the 
movable plate. 

The Iloltz machine gives excellent results in ac- 
tion, but is sometimes difficult to start during damp 
weather. 

A modification of the Holtz machine, which gives 
much better results, and which, approximately 
speaking, is independent of the condition of the air 
as regards moisture, is seen in the Wimshurst ma- 
chine. 

This form of machine is shown in Fig. 114. 

Its construction is as follows : Two shellac-covered 
glass plates are placed, and supported as shown, so 
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as to be capable of rapid rotation in opposite direc- 
tions. 

Thin metallic strips are placed on the outside of 
each of the glass plates, in the radial positions shown. 
These strips act as inductors and carriers, the car- 
riers of one plate acting as inductors to the other 
plate. 
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Two carved brass rods, terminating in fine wire 
brushes, that rest lightly against the plates, are 
placed at right angles to each other, one at the front 
of the plate and one at the back. Pairs of con- 
dactors, connected together, provided with collect- 
ing points, are placed in a horizontal position dia- 
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metrically opposite each other, as shown. Sliding 
conductors, terminated with metallic balls, for dis- 
charging the conductors are provided, and extending 
over the top of the plate, as shown. Leyden jars, 
the inner coatings of which are connected with the 
two discharging rods, and the outer coatings are con- 
nected together, may be employed, as in the Holtz 
machine. 

The exact action of this machine is not thor- 
oughly understood. 

In order to account for the production of elec- 
tricity various theories or hypotheses, have been pro- 
posed. We will discuss the more important of the 
older hypotheses ; for, although such hypotheses are 
no longer believed in, yet references to them are to be 
found in almost all electrical literature, and it will, 
therefore, be necessary to have some ideas concern- 
ing them. 

The two most prominent of these hypotheses are 
called respectively tlie single-fluid hypothesis of 
Franklin, and the double-fluid hypothesisof Du Fay. 

The single-fluid hypothesis of Franklin en- 
deavors to account for the cause of electrical 
phenomena by an assumption of the existence of 
a single electrical fluid. 

The jingle-fluid hypothesis assumes : 
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(1.) That the phenomena of electricity are due to 
the presence.of a single, tenuous, imponderable fluid. 

The particles of this fluid mutually repel one 
another, but are attracted by all matter. 

(2.) That every substance possesses a definite ca- 
pacity for holding the assumed electrical fluid, and 
that when just this quantity is present, no electrical 
effects are manifested. 

(3.) That when the body has less than this quan- 
tity prerent, it becomes negatively excited, and when 
it has more, it becomes positively excited. 

(4.) That the act of electrification, as, for 
example, by friction, causes a redistribution of the 
fluid, part of it going to one of the bodies, giving it 
a surplus, and thus positively electrifying it, and 
leaving the other body with a deficit, thus negatively 
electrifying it. 

The double-fluid hypothesis of Du Fay assumes : 

(1.) That the phenomena of electricity are due to 
the presence of two imponderable fluids, a positive 
and. a negative fluid. 

(2.) That the particles of the positive fluid repel 

one another^ as do also the particles of the negative 

fluid ; but that the particles of the positive fluid 

Attract the particles of the negative and vice versa. 

• (3.); That the two fluids are strongly attracted by 
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matter, and, when either is alone present, produces 
electrification ; but that when both are present in 
equal quantities, they unite and mask or neutralize 
each other. 

(4. ) That the act of electrification, as, for example, 
by friction, separates these fluids, one going to the 
rubber and the other to the thing rubbed. 

Although neither the single nor the double fluid 
hypothesis is now accepted, yet it is recognized that, 
perhaps, the single-fluid hypothesis comes nearer to 
explaining most of the phenomena of electricity, with 
possibly this modification, that a negatively excited 
body is the one which possesses the excess of the as- 
sumed fluid, and a positively excited body the one 
which possesses the deficit. 

According to another view, electricity is the same 
as the lumiiiiferous ether. Electromotive force, or 
the force which causes electricity to move, results 
from differences m the ether pressures. One phase 
of electrification is assumed to result from a surplus- 
age of energy, and the opposite phase from a deficit 
of energy. 

At the present time, scientific men almost uni- 
versally accept the tlieory of Hertz concerning what 
are called electromagnetic waves or radiations. A 

■ 

disruptive discharge, as has long been known, 
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consists of a number of separate discharges that 

'i - 
rapidly alternate;Or change in direction. 



'-. ' 



According to Hertz's theory, disruptive discharges 
pioduce expanding lines of magnetic force that 
move outward frpm the surface of the conductor, in 
the shape of waves or radiations in the ether, sur- 
rounding and penetrating the conductor. In this 
way electromagnetic waves are produced in the ether, 
moving in all directions from the conductor with 
the velocity of light, and, in reality, differing from 
light only in that in most cases their wave lengths 
are much greater, and that, therefore, they follow 
one another much more slowly than do the waves 
which produce ordinary light. 

Electrical currents, while changing their direction 
or intensity, also produce, as is well known, mag- 
netic fields that expand and contract, and thus also 
produce electromagnetic waves or radiations the 
same as a spark or Leyden jar discharge. 

Hertz has shown the actual presence of such 
electromagnetic waves or vibrations by causing them 
to excite similar vibrations in neighboring conduct- 
ors by the well known principles of resonance. 

The principles of acoustic resonance are briefly as 
follows : If the dimensions and the elasticity of a 
body are such that a vibi'ation of a definite rate or 
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wavelength can be produced in it, such vibration 
may be produced or excited in such body by means 
of sound waves in the air around it, provided the 
length of such waves be exactly the same as those 
the body is capable of producing. The excited 
waves may be produced in a body separated many 
feet from the exciting body, provided a medium such 
as the air connects them. 

In the case of sound waves, this connecting me- 
dium is the air ; in the case of electromagnetic 
waves, it is the universal ether. As in the case of 
acoustic resonance, the dimensions and elasticitv of 
the body in which electromagnetic waves are pro- 
duced by resonance must be such as will permit it 
to produce waves of the same wave length as those 
produced by the exciting body. 

Hertz has clearly proved the existence of nodes in 
conductors through whicli surging discharges are 
passing. • 

Just in what manner a charge of electricity can 
be connected with the universal ether, or with the 
radiations produced by its discharge, is not yet ap- 
parent. It is probable, however, that this will be 
clearly recognized in the near future. 
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EXTRACTS FROM STANDARD WORKS, 

Concerning the supposed duality of electrical phe- 
nomena, or the dual nature of electricity, Atkinson, 
in his '^ Elements of Static Electricity/'* page 40, 

says : ... 

We have already seen, in experiments with the pith ball 
electroscope, that the balls may be attracted and repelled 
by electrified glass, sealing wax, and various other sub- 
stances. 

Let an electrified glass rod approach one of the balls ; 
the tiall is attracted, and, after contact, repelled. Now let 
an electrified stick of sealing-wax be brought near, and the 
electrified ball, which was repelled by the glass, is attracted 
by the wax. Or let the ball be first electrified and repelled 
by the wax, and it is attracted by the glass. 

Further experiments show that the same results can be 
produced with other substances, glass representing a cer- 
tain class of substances, which show similar electrification, 
and sealing-wax and resin another class, which show op- 
posite electrification to that of glass. 

Hence it has been assumed that there are two kinds of 
electricity — one kind generited on the class of substances 
represented by glass, and the other on the class represented 
by resin. The former was once designated as vitreous^ and 

* *' Elements of Static Elec riclty : with a Full Description of the 
Holts and Topler Machines and Their Mode of Operating," by 
Philip Atkinson. New York: The W. J. Johnston (Dompany, 
Limited. 1887. 228 pages. 64 illustrations. Price, |1.50, 
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the latter as resinous ; but the terva positive is now used in- 
stead of vitreous, and negative instead of resinous. Used 
in this way, these terms have no reference to a difference 
either in quantity or intensity ; they express only a sup- 
posed difference in kind, not in degree. 

This doctrine of the dual nature of electricity was first 
proposed by Du Fay, and has since been maintained by 
many eminent scientists. Deschanel, speaking of the phe- 
nomena under cousideration, says: *' These phenomena 
clearly show that the electricity developed on the resin is not 
of the same kind as the electricity developed On the glass." 

Now, the only thing ^* clearly shovm^^ is the difference 
in the substances, not in the electricity. For we have pre- 
cisely the same electric phenomena of attraction and re- 
pulsion with the glass as with the sealing-wax ; but a third 
substance, the electrified pith ball, is attracted by one and 
repelled by the other ; a result which it would seem more 
reasonable to attribute to the difference knoum to exist 
between the substance s, than to a difference supposed to 
exist in the electricity. For it has already been shown that 
different causes, as conductivity or resistance, infiuencethe 
intensity of electrification on different substances. Other 
causes also, as a difference of temperature or mass, or hard- 
ness or softness, density or porosity, doubtless contribute 
to the same result. 

But considering the quality of resistance alone, the 
potential of any non-conductor, as glass, is liable to vary 
greatly on different parts of the surface when electrified by 
friction ; and to differ from the potential of sealing-wax, 
similarly produced on different parts of its surface* 
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There is always free electricity in the atmosphere, 
which, at different times, varies both in amount and 
in kind. 

The identity of the lightning flash and the electric 
discharge was established by Franklin, by means of 
the classic kite, which he raised in Philadelphia 
in June, 1752, during the progress of a thunder 
storm. This kite was constructed like an ordi- 
nary kite except that it was covered with silk in- 
stead of paper, so as to withstand the rain, and 
was provided with a sharp point of iron extending 
about a foot or so above the top of the kite. 

The kite was raised by means of ordinary pack 
thread. When sufficiently high in the air a key was 
suspended to the end of the thread, which was 
then insulated by means of a silk thread tied to a tree. 
On approaching the hand to the key during the thun- 
der storm, no sparks or other electrical disturbances 
were obtained because the thread was a non-conduc- 
tor of electricity. At last, however, rain fell, 
and the wet thread becoming a conductor, the ex- 
perimenter succeeded in drawing sparks from the 

(253) 
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key, or, quoting Franklin: ** At this key the phial 
may be charged ; and from electric fire thus ob- 
tained, spirits may be kindled, and all other elec- 
trical experinaents be performed, which are generally 
done by the help of a rubbed glass tube, and thereby 
the sameness of the electric matter with that of 
lightning completely demonstrated/* 

The following are among the more important facts 
that have been discovered concerning the free elec- 
tricity of the atmosphere : 

(1.) The free electricity of the atmosphere is 
generally positive, but frequently changes to nega- 
tive on tlie approach of fogs or clouds. 

(2.) It exists in greater quantity in the higher 
regions of the atmosphere than near the surface of 
the earth. 

(3.) It is stronger when the air is still than when 
the wind is blowing. 

(4.) It undergoes marked variations in its inten- 
sity, generally becoming stronger during winter than 
summer, and during the middle of the day and the 
early morning than at niglit. 

The exact causes wliich produce the free electric- 
ity of the atmosphere are nn known. The following 
liave been suggc^sted as the causes of the free elec- 
tricity of the atmosphere^ viz. ; 
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(1.) To the evaporation of water. 

A certain difference of potential is invariably pro- 
duced by the evaporation of water. When water, 
which has a small quantity of salt in solution, is 
evaporated, the vapor which rises becomes positively 
charged, while the solution remains negatively 
charged. 

Since the waters of the ocean are constantly under- 
going evaporation, this is probably one of the chief 
causes of the free electricity of the atmosphere. 

(2.) The friction of the wind against the earth, 
or the friction of particles of air against one another 
or against particles of water. 

Although this theory seems probable, yet it has 
been noticed that a smaller quantity of free elec- 
tricity exists in the air when there is no wind, than 
when a strong wind is blowing. 

(3.) The motion of terrestrial bodies through the 
magnetic field of the earth. 

A conductor moving through a magnetic field has 
differences of potential produced in it. Such mo- 
tion has, therefore, been suggested as one of the 
causes of free atmospheric electricity. 

(4.) Differences of temperature. 

Differences of temperature may produce thermo- 
electricity. SuQh diff^r^uQe^ b^v^ tb^r^fpr^ beeu 
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suggested as a possible cause of the free electricity 
of the atmosphere. 

(5.) The combustion or gradual oxidation of ani- 
mal matter. 

Chemical action, or gradual oxidation or combus- 
tion, is the chief cause of the electricity produced in 
the voltaic pile. Chemical action, therefore, has 
been suggested as one of the causes which produce 
the free electricity of the atmosphere. 

(6.) To the induction produced by the electrified 
sun or other heavenly body. 

(7.) To induction from a negatively charged earth. 

Some experiments by Crookes bhow that a charged 
body can retain its charge for an indefinite time^ if 
the body is placed in a very higli vacuum. It has, 
therefore, been suggested that since>the earth moves: 
through empty space around the sun, if it became 
charged in any manner it would necessarily retain 
such charge indefinitely. According to this concep- 
tion, the electrical phenomena of the earth are due 
rather to the varying distribution of electric charges 
than to the production of fresh charges. 

Although the chief cause of the production of 
electricity is presumably the evaporation of water, 
yet, probably, all the other named causes are not 
without their influence in such production. 
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The free electricity of the atmosphere produces a 
variety of effects. The principal of those which 
occur in the lower regions of the atmosphere, are 
lightning and the St. Elmo's fire. The principal 
effect which occurs in the upper regions of the at- 
mosphere is the aurora. 

The lightning flash is caused by a disruptive dis- 
charge which occurs between a charged cloud and 
the earth, or between neighboring clouds, whenever 
the difference of potential is sufficiently great. 

The resulting thunder is due to a disturbance in 
the air caused to some extent directly by the passage 
of the discharge through the air, but mainly by the 
vacuum produced by the sudden condensation of 
the vapor formed by the passage of the discharge 
through rain drops. 

Since lightning flashes are often several miles in 
length, the difference of potential must be enor- 
mous. 

The manner in which such differences of poten- 
tial are produced is probably as follows : 

As the clouds move through the air, they collect 
the free electricity on the surfaces of the minute 
drops of water of which they are composed. When 
many thousands of these drops subsequently collect 
in a single drop, the difference of potential is enor- 
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moiisly increased in consequence of the equally enor- 
mous decrease in ths surface of any single drop oyer 
the sum of the surfaces of the thousands of minute 
drops that have coalesced to form such single 
drop. 

That the potential which causes the lightning 
flash is brought about in this manner appears- to be 
rendered probable by the following facts, which 
have been noticed concerning the geographical dis- 
tribution of thunder storms. 

(1.) Thunder storms seldom, if ever, occur in the 
polar regions. This is, probably, because the rain in 
the polar regions is caused by a condensation of the 
vapor which was evaporated in regions near the 
equator. 

(2.) Thunder storms seldom, if ever, occur in 
rainless districts, owing, probably, to the absence of 
the condensation of vapor. 

(3.) Thunder storms are most frequent and vio- 
lent in the equatorial regions, where the rainfall 
results from tlie condensation of the vapor by the 
action of ascending currents conveying the vapor to 
the upper and colder regions of the atmosphere 
almost immediately after its formation into vapor. 

(4.) In regions beyond the tropics thunderstorms 
oocur mainlv at the season of the vear when the 
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rainfall comes from the vapor that is condensed 
shortly after the time of its formation. 

A powerful lightning discharge produces a variety 
of well-known disastrous effects ; it often shatters 
buildings, fuses metals or other conductors by the 
heating effect it produces as it passes through them, 
and often causes practically instantaneous death 
when the full discharge is passed through the bodies 
of men or other animals. 

There are five varieties of lightning : 

(1.) Zigzag, or forked lightning. Though ap- 
parently zigzag, this form in reality takes the shape 
of short curves, as has been shown by photographic 
pictures of the flash. 

(2.) Sheet lightning, which appears as an ex- 
panded flash illumining the outlines of the clouds. 

(3.) Heat lightning, or lightning without thun- 
der. This variety, which is often seen near the 
horizon during clear, hot weather, is probably due 
to the reflection of the light from a lightning dis- 
charge accompanying a storm that is too far below 
the horizon to permit the thunder to be heard. Ac- 
cording to some, however, such lightning is due to 
the passage of electricity through highly rarefied 
air. 

(4.) Volcanic lightning, or that observed around 



200 ELECTRICrnr AXD MAGXETXSML 

the craters of voleac'je* daring their emption. This 
form is prolci'-rlj 'ijiiasel by the rapid condensation 
of the water vap<>r emi:red from the crater daring 
an eruption. 

(5.) Globular lightniDg. a rare form in which the 
iighiDiiig appears as a globe of lights which either 
remains stationary in the air or moves slowly 
through it. 

Tiie lightning rod, an invention of Franklin, con- 
sists essentially of an electrical conductor attached 
to the side of the building to be protected 
and extending above the highest parts of the 
building. Its lower end is placed in good elec- 
trical connection with the earth. In order to in- 
sure the proper operation of a lightning rod in pro- 
tecting a building, the following conditions must be 
carefully obtained ; viz., 

(I.) The rod must liaVe such an area of cross 
section as to enable it to carrv to the earth without 
fusing the greatest discharge that it is likely to re- 
ceive. 

(2,) The rod must be continuous throughout; if 
joints are used, care must be taken to make their 
resistance as low as possible, and to protect them 
against corrosion. 

(3.) The rod should terminate at its upper ex- 
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tremity in one or more points formed of some non- 
corrodible metal, such as platinum or nickel. 

(4.) The lower end (tf the rod should be carried 
into earth until it meets permanently moist or damp 
ground, where it should be attached to metal plates, 
or to the gas or water pipes, by wrapping it around 
and soldering it to such pipes. 

Unless a thorough ground is obtained, a lightning 
rod is worse than useless, no matter how carefully 
every other part has been constructed ; for, if a dis- 
charge strikes a rod that is imperfectly grounded, 
it is almost certain to destroy the building to which 
the rod is attached. 

(5.) According to some practice, it is a matter of 
indifference whether or not the rod is insulated from 
the building. It should not, however, pass down 
the wall of a building in the immediate neighbor- 
hood of gas or water pipes on the opposite side of 
the wall. According to some, the top should 
always be insulated from the building. 

(6.) The rod should project above the highest part 
of the building. A rod will protect a conical space 
around it whose base is equal to the vertical height 
of the rod above the ground, but wiiose sides are 
curved inward instead of being straight. 

A lightning rod sometimes fails to protect a build- 
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ing because an ascending current of heated air from 
a fire in the house^ or from the gradual heating of 
green hay or grain in a barn, increases the virtual 
height of a building beyond the ability of the rod to 
protect it. 

(7.) The rod should preferably be of flat section, 
or be formed of stranded conductors, rather than of 
a single, solid conductor. 

Two different kinds of lightning discharges occur, 
that is, the discliarge of a charged cloud to the earth 
or to a neighboring cloud may occur in two distinct 
ways, viz.: 

(1 ) As a steady strain or current. 

(2.) As an impulsive rush or oscillatory discharge. 

Discharge by a steady strain or current occurs 
either when the cloud gradually approaches a point 
on the earth, or when the cloud receives its charge 
gradually by the approach of another cloud. 

In a steady discharge, the lightning rod, with its 
pointed end, either quietly discharges the cloud by 
a convective discharge, or by a harmless conductive 
discharge through tlie rod, after a spark has passed 
disruptively between the cloud and the rod. 

The impulsive discharge or rush occurs whenever 
the cloud that discharges to the earth receives its 
charge suddenly, as by the discharge of a neighbor- 
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ing cloud ; or, when a bound charge, produced by 
the presence of a neighboring charged cloud, is sud- 
denly liberated by discharge, and, thus becoming 
free, impulsively discharges to the earth. 

In an impulsive discharge or rush, a counter- 
electromotive force is set up in the rod, which 
resists the passage of the discharge through the rod 
and causes the electricity to rush back and spit off 
in lateral discharges. In this case the conducting 
power of the rod has no effect in facilitating the 
discharge. 

Tall objects are especially liable to receive light- 
ning strokes because the discharge occurs between 
points of greatest difference of potential, and such 
points will naturally be situated between the cloud 
and the nearest object connected to the earth. 

Ships at sea are, therefore, especially liable to 
lightning strokes, and, before the application of tlie 
system of lightning protection devised by Harris, 
many vessels were destroyed by such discharges. 

In Harris' system of lightning protection for 
ships the lightning rods are formed of plates and 
rods so placed on the masts as to readily yield to 
strains. Harris grounded the rods by connecting 
them with the copper sheathing of the vessel. He 
also connected the rods with all masses of metal in 
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the ship. The latter protection was especially 
necessary in the case of men-of-war to protect the 
powder magazines. 

Harris' system of liglitning protection for ships 
was adopted only after considerable opposition. 
It proved, however, so efficacious in practice that 
serious effects of lightning on vessels so protected 
are now almost unknown. In 1845, Harris received 
the honor of knighthood from the English govern- 
ment for his services in this direction. 

Lightning discharges often occasion considerable 
damage to instruments connected to aerial lines of 
conductors, such as those employed for telegraphic 
or telephonic communication, or for electric motors 
and dynamo-electric machines. In order to protect 
the instruments from such destructive discharges, 
some form of liglitning arrester is employed. 

The form shown in Fig. 115, is called the comb 
lightning arrester. The line wires A and By are con- 
nected to tlic metallic plates (7 and D, respectively, 
and provided with points like those on a comb and 
placed near a third plate that is grounded by a con- 
ductor 0, Should the lightning strike the line, it is 
discharged to the earth through the wire 0. 

The oscillate ry character of the discharge of a 
lightning flash permits such discharge to take, by 
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prefejenee, a path to the ground through the air 
space that lies between the points on the phitcs and 
the earth-connected plate G, rather than through 
the intruments connected to (7 and D. 

Tongues of faintly luminous Gre are sometimes 
seen on dark nights at the pointed ende of earth- 
connected bodies, such, for example, as the tups of 
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church steeples, or the masts of ships Tlicse are 
called St. Elmo's fires and are due to convcctne 
discharges. They are called by sailoia coipowiifn 
Another phenomenon due to the presence of free 
electricity in the atmosphere, but limited to the higher 
regioDB of the atmosphere, ia seen in the aurora,wliich 
in the Xorthern Hemisphere is Icnown as the aurora 
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boreal is. In this phenomenon^ sheets, columns, 
arches, or pillars of faintly luminous light, generally 
of a reddish color, appear. Although their exact 
cause is unknown, yet it would appear beyond any 
reasonable doubt that they are due to the passage of 
electrical discharges through the upper and rarer 
regions of the atmosphere. This conclusion is based 
on the following facts : 

(1.) During the prevalence of an aurora there ex- 
ists an unusual quantity of free electricity in the air. 
This excess is often so great that long lines of tele- 
graph have been operated by means of the electricity 
taken directly from the air. 

(2.) During the prevalence of an aurora, there 
exist well marked earth currents. Differences of 
potential are produced in different parts of the 
earth, which result in currents called earth currents. 
These currents often cause considerable trouble to 
telegraphers. They enter the telegraph lines from 
the ground plates. Probably a greater disturbance 
in the telegraph lines is due to this cause than to the 
free electricity in the air. 

(3.) The presence of an aurora is frequently ac- 
companied by magnetic storms, during which the 
earth's magnetism undergoes considerable variations. 

The auroral light, when examined spectroscopi- 
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cally, gives a spectrum characteristic of a luminous 
gaseous matter that, accordiug to S. P. Thompson, 
is produced by matter that is not referable with cer- 
tainty to any substance on the earth. 

It is believed by some that the intermittent char- 
acter of the flashes of light is due to the discharge 
being influenced by the earth's magnetism. 

Whatever may be the exact cause of auroras, their 
appearance can be very closely reproduced by the 
passage of electrical discharges through vacuous 
spaces contaiiied in Geissler or other similar tubes. 

Geissler tubes consist of vacuous tubes of glass 
provided with platinum electrodes passed through 
and fused into the glass. They are used for obtain- 
ing lumiuous effects by passing the discharge from 
induction coils or electric machines through them. 

Geissler tubes are made of a great variety of shapes 
and often include tubes, spirals, spheres, etc., with- 
in other tubes. These inclosed tubes are made 
either of ordinary glass, or of uranium glass, in 
order to obtain the effects of fluorescence. Some 
of the many forms of Geissler tubes are shown 
in Fig. 116. 

It is generally supposed that the vacuum in a 
Geissler tube is a very high vacuum. This is 
not the case. The vacuum is by no means a high 
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key, or, quoting Franklin: ** At this key the phial 
may be charged ; and from electric fire thus ob- 
tained, spirits may be kindled, and all other elec- 
trical experiments be performed, which are generally 
done by the help of a rubbed glass tube, and thereby 
the sameness of the electric matter with that of 
lightning completely demonstrated/' 

The following are among the more important facts 
that hav,e been discovered concerning the free elec- 
tricity of the atmosphere : 

(1.) The free electricity of the atmosphere is 
generally positive, but frequently changes to nega- 
tive on the approach of fogs or clouds. 

(2.) It exists in greater quantity in the higher 
regions of the atmosphere than near the surface of 
the earth. 

(3.) It is stronger when the air is still than when 
the wind is blowing. 

(4.) It undergoes marked variations in its inten- 
sity, generally becoming stronger during winter than 
summer, and during the middle of the day and the 
early morning than at night. 

The exact causes which produce the free electric- 
ity of the atmosphere are unknown. The following 
have been suggested as the causes of the free elec- 
tricity of the atmosphere, vi^. ; 
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(1.) To the evaporation of water. 

A certaiu difference of potential is invariably pro- 
duced by the evaporation of water. When water, 
which has a small quantity of salt in solution, is 
evaporated, the vapor which rises becomes positively 
charged, while the solution remains negatively 
charged. 

Since the waters of the ocean are constantly under- 
going evaporation, this is probably one of the chief 
causes of the free electricity of the atmosphere. 

(2.) The friction of the wind against the earth, 
or the friction of particles of air against one another 
or against particles of water. 

Although this theory seems probable, yet it has 
been noticed that a smaller quantity of free elec- 
tricity exists in the air when there is no wind, than 
when a strong wind is blowing. 

(3.) The motion of terrestrial bodies through the 
magnetic field of the earth. 

A conductor moving through a magnetic field has 
differences of potential produced in it. Such mo- 
tion has, therefore, been suggested as one of the 
causes of free atmospheric electricity. 

(4.) Differences of temperature. 

Differences of temperature may produce thermo- 
electricity. Such differ^ftQQ^ b^ve tb^r^fpre beeu 
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suggested as a possible cause of the free electricity 
of the atmosphere. 

(5.) The combustion or gradual oxidation of ani- 
mal matter. 

Chemical action, or gradual oxidation or combus- 
tion, is the chief cause of the electricity produced in 
the voltaic pile. Chemical action, therefore, has 
been suggested as one of the causes which produce 
the free electricity of the atmosphere. 

(6.) To the induction produced by the electrified 
sun or other heavenly body. 

(7.) To induction from a negatively charged earth. 

Some experiments by Crookes ohow that a charged 
body can retain its charge for an indefinite time, if 
the body is placed in a very high vacuum. It has, 
therefore, been suggested that since, the earth moves 
through empty space around the sun, if it became 
charged in any manner it would necessarily retain 
such charge indefinitely. According to this concep- 
tion, the electrical phenomena of the earth are due 
rather to the varying distribution of electric charges 
than to the production of fresh charges. 

Although the chief cause of the production of 
electricity is presumably the evaporation of water, 
yet, probably, all the other named causes are not 
without their influence in such production. 
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The free electricity of the atmosphere produces a 
variety of effects. The principal of those which 
occur in the lower regions of the atmosphere, are 
lightning and the St. Elmo's fire. The principal 
effect which occurs in the upper regions of the at- 
mosphere is the aurora. 

The lightning flash is caused by a disruptive dis- 
charge which occurs between a charged cloud and 
the earth, or between neighboring clouds, whenever 
the difference of potential is sufficiently great. 

The resulting thunder is due to a disturbance in 
the air caused to some extent directly by the passage 
of the discharge through the air, but mainly by the 
vacuum produced by the sudden condensation of 
the vapor formed by the passage of the discharge 
through rain drops. 

Since lightning flashes are often several miles in 
length, the difference of potential must be enor- 
mous. 

The manner in which such differences of poten- 
tial are produced is probably as follows : 

As the clouds move through the air, they collect 
the free electricity on the surfaces of the minute 
drops of water of which they are composed. When 
many thousands of these drops subsequently collect 
in a single drop, the difference of potential is enor- 
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moiisly increased in consequence of the equally enor- 
mous decrease in ths surface of any single drop over 
the sum of the surfaces of the thousands of minute 
drops that have coalesced to form such single 
drop. 

That the potential which causes the lightning 
flash is brought about in this manner appears- to be 
rendered probable by the following facts, which 
have been noticed concerning the geographical dis- 
tribution of thunder storms. 

(1.) Thunder storms seldom, if ever, occur in the 
polar regions. This is, probably, because the rain in 
the polar regions is caused by a condensation of the 
vapor which was evaporated in regions near the 
equator. 

(2.) Thunder storms seldom, if ever, occur in 
rainless districts, owing, probably, to the absence of 
the condensation of vapor. 

(3.) Thunder storms are most frequent and vio- 
lent in the equatorial regions, where the rainfall 
results from the condensation of the vapor by the 
action of ascending currents conveying the vapor to 
the upper and colder regions of the atmosphere 
almost immediately after its formation into vapor. 

(4.) In regions beyond the tropics thunderstorms 
occur mainlv at the season of the vear when the 
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rainfall comes from the vapor that is condensed 
shortly after the time of its formation. 

A powerful lightning discharge produces a variety 
of well-known disastrous effects ; it often shatters 
buildings, fuses metals or other conductors by the 
heating effect it produces as it passes through them, 
and often causes practically instantaneous death 
when the full discharge is passed through the bodies 
of men or other animals. 

There are five varieties of lightning : 

(1.) Zigzag, or forked lightning. Though ap- 
parently zigzag, this form in reality takes the shape 
of short curves, as has been shown by photographic 
pictures of the flash. 

(2.) Sheet lightning, which appears as an ex- 
panded flash illumining the outlines of the clouds. 

(3.) Heat lightning, or lightning without thun- 
der. This variety, which is often seen near the 
horizon during clear, hot weather, is probably due 
to the reflection of the light from a lightning dis- 
charge accompanying a storm that is too far below 
the horizon to permit the thunder to be heard. Ac- 
cording to some, however, such lightning is due to 
the passage of electricity through highly rarefied 
air. 

(4.) Volcanic lightning, or that observed around 
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the craters of volcanoes during their eruption. This 
form is probably caused by the rapid condensation 
of the water vapor emitted from the crater during 
an eruption. 

(5.) Globular lightning, a rare form in which the 
lightning appears as a globe of light, which either 
remains stationary in the air or moves slowly 
through it. 

The lightning rod, an invention of Franklin, con- 
sists essentially of an electrical conductor attached 
to the side of the building to be protected 
and extending above the highest parts of the 
building. Its lower end is placed in good elec- 
trical connection with the earth. In order to in- 
sure the proper operation of a lightning rod in pro- 
tecting a building, the following conditions must be 
carefully obtained ; viz., 

(1.) The rod must liaVe such an area of cross 
section as to enable it to carry to the earth without 
fusing the greatest discharge that it is likely to re- 
ceive. 

(2.) The rod must be continuous throughout; if 
joints are used, care must be taken to make their 
resistance as low as possible, and to protect them 
against corrosion. 

(3.) The rod should terminate at its upper ex- 
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tremity in one or more points formed of some non- 
corrodible metal, such as platinum or nickel. 

(4.) The lower end (Si the rod should be carried 
into earth until it meets permanently moist or damp 
ground, where it should be attached to metal plates, 
or to the gas or water pipes, by wrapping it around 
and soldering it to such pipes. 

Unless a thorough ground is obtained, a lightning 
rod is worse than useless, no matter how carefully 
every other part has been constructed ; for, if a dis- 
charge strikes a rod that is imperfectly grounded, 
it is almost certain to destroy the building to which 
the rod is attached. 

(5.) According to some practice, it is a matter of 
indifference whether or not the rod is insulated from 
the building. It should n^t, however, pass down 
the wall of a building in the immediate neighbor- 
hood of gas or water pipes on the opposite side of 
the wall. According to some, the top should 
alwavs be insulated from the building. 

(6.) The rod should project above the highest part 
of the building. A rod will protect a conical space 
around it whose base is equal to the vertical height 
of the rod above the ground, but whose sides are 
curved inward instead of being straight. 

A lightning rod sometimes fails to protect a build- 
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ing because an ascending current of heated air from 
a fire in the house, or from the gradual heating of 
green hay or grain in a barn, increases the virtual 
height of a building beyond the ability of the rod to 
protect it. 

(7.) The rod should preferably be of flat section, 
or be formed of stranded conductors, rather than of 
a single, solid conductor. 

Two different kinds of lightning discharges occur, 
that is, the discharge of a charged cloud to the earth 
or to a neighboring cloud may occur in two distinct 
ways, viz.: 

(1 ) As a steady strain or current. 

(2.) As an impulsive rush or oscillatory discharge. 

Discharge by a steady strain or current occurs 
either when the cloud gradually approaches a point 
on the earth, or when the cloud receives its charge 
gradually by the approach of another cloud. 

In a steady discharge, the lightning rod, with its 
pointed end, either quietly discharges the cloud by 
a convective discharge, or by a harmless conductive 
discharge through the rod, after a spark has passed 
disruptively between the cloud and the rod. 

The imi)ulsive discharge or rush occurs whenever 
the cloud that discharges to the earth receives its 
charge suddenly, as by the discharge of a neighbor- 



ATM08PBERIC ELECTRtCITT. 263 

ing cloud ; or, when a bound charge, produced by 
the presence of a neighboring charged cloud, is sud- 
denly liberated by discharge, and, thus becoming 
free, impulsively discharges to the earth. 

In an impulsive discharge or rush, a counter- 
electromotive force is set up in the rod, which 
resists the passage of the discharge through the rod 
and causes the electricity to rush back and spit off 
in lateral discharges. In this case the conducting 
power of the rod has no effect in facilitating the 
discharge. 

Tall objects are especially liable to receive light- 
ning strokes because the discharge occurs between 
points of greatest difference of potential, and such 
points will naturally be situated between the cloud 
and the nearest object connected to the earth. 

Ships at sea are, therefore, especially liable to 
Hghtning strokes, and, before the application of the 
system of lightning protection devised by Harris, 
many vessels were destroyed by such discharges. 

In Harris' system of lightning protection for 
ships the lightning rods are formed of plates and 
rods so placed on the masts as to readily yield to 
strains. Harris grounded the rods by connecting 
them with the copper sheathing of the vessel. He 
also connected the rods with all masses of metal in 
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the ship. The latter protection was especially 
necessary in the case of men-of-war to protect the 
powder magazines. 

Harris' system of lightning protection for ships 
was adopted only after considerable opposition. 
It proved, however, so efficacious in practice that 
serious effects of lightning on vessels so protected 
are now almost unknown. In 1845, Harris received 
the honor of knighthood from the English govern- 
ment for his services in this direction. 

Lightning discharges often occasion considerable 
damage to instruments connected to aerial lines of 
conductors, such as those employed for telegraphic 
or telei^honic communication, or for electric motors 
and dynamo-electric machines. In order to protect 
the instruments from such destructive discharges, 
some form of lightning arrester is employed. 

Tlie form shown in Fig. 115, is called the comb 
lightning arrester. The line wires A and By are con- 
nected to tlie metallic plates C and 2>, respectively, 
and provided with points like those on a comb and 
placed near a third plate that is grounded by a con- 
ductor 0, Should the lightning strike the line, it is 
discharged to the earth through the wire O. 

The oscillatory character of the discharge of a 
lightning flash permits such discharge to take, by 
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preference, a path to the ground through the air 
space that lies between the points on the plates and 
the earth-connected plate 0, rather than through 
the intrnmente connected to G and D. 

ToDgues of faintly lumlnoua fire are sometimea 
seen on dark nights at the pointed ends of earth- 
connected bodies, such, for example, as the tops of 
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church steeples, or the masts of ships. These are 
called St. Elmo's fires and are due to convective 
dischargee. They are called by sailors coiyosmits. 
Another phenomenon due to the presence of free 
electricity in the atmosphere, but limited to thehigber 
regioQB of the atmosphere, is seen in the aurora, which 
in the Korthem Hemisphere is known as the aurora 
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borealis. In this phenomenon^ sheets, colnmns, 
jirches, or pillars of faintly luminous light, generally 
of a reddish color, appear. Although their exact 
cause is unknown, yet it would appear beyond any 
reasonable doubt that they are due to the passage of 
electrical discharges through the upper and rarer 
regions of the atmosphere. This conclusion is based 
on the following facts : 

(1.) During the prevalence of an aurora there ex- 
ists an unusual quantity of free electricity in the air. 
This excess is often so great that long lines of tele- 
graph have been operated by means of the electricity 
taken directly from the air. 

(2.) During the prevalence of an aurora, there 
exist well marked earth currents. Diflferences of 
potential are produced in different parts of the 
earth, which result in currents called earth currents. 
These currents often cause considerable trouble to 
telegraphers. They enter the telegraph lines from 
the ground plates. Probably a greater disturbance 
in the telegrai^h lines is due to this cause than to the 
free electricity in the air. 

(3.) The presence of an aurora is frequently ac- 
companied by magnetic storms, during which the 
earth's magnetism undergoes considerable variations 

The auroral light, when examined spectroscop 
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callj, gives a spectrum characteristic of a luminous 
gaseous matter that, according to S. P. Thompson, 
is produced by matter that is not referable with cer- 
tainty to any substance on the earth. 

It is believed by some that the intermittent char- 
acter of the flashes of light is due to the discharge 
being influenced by the earth's magnetism. 

Whatever may be the exact cause of auroras, their 
appearance can be very closely reproduced by the 
passage of electrical discharges through vacuous 
spaces contaiiied in Geissler or other similar tubes. 

Geissler tubes consist of vacuous tubes of glass 
provided with platinum electrodes passed through 
and fused into the glass. They are used for obtain- 
ing lumiuous effects by passing the discharge from 
induction coils or electric machines through them. 

Geissler tubes are made of a great variety of shapes 
and often include tubes, spirals, spheres, etc., witli- 
in other tubes. These inclosed tubes are made 
either of ordinary glass, or of uranium glass, in 
order to obtain the effects of fluorescence. Some 
of the many forms of Geissler tubes are shown 
in Fig. 116. 

It is generally supposed that the vacuum in a 
Geissler tube is a verv hiorli vacuum. This is 
not the case. The vacuum is by no means a high 
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vacuum. Indeed, if tlie exhaustioQ of the tube 
is pushed too far, the luiiiiuous effecte are coneider- 
ably decreased. 
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Auronie are very apt to accompany those nnnsnal 
outbursts of solar activity culled sun-spots. These 

are, therefore, in all probability, connected in some 
manner with the railiant energy of the sun. Mag- 
netic storms are also the usual concomitants of sun- 
spots. 
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EXTRACTS FROM STANDARD WORKS, 

In his ^' Elements of Physical Geography/' * page 
111, the author thus describes some of the electrical 
phenomena of the atmosphere: 

Electric excitement is always present in the atmosphere. 
The electricity of the air is generally positive, although it 
often changes rapidly to negative, on the approach of 
clouds or fogs. It is feeblest within a few feet of the sur- 
face, and increases with the elevation above the general 
surface of the earth. 

Origin of Free Atmospheric Electricity — The electricity 
of the atmosphere is caused by a variety ol circumstances, 
the chief of which are evaporation and condensation ; un- 
equal heating of the earth by the surfs rays ; combustion ; 
animal and vegetable life; and, possibly, the friction of 
winds against each other or against the earth's surface. 

Lightning occurs when the electricity of a cloud dis- 
cbarges to the earth or to a neighboring cloud. The dis- 
charge is attended by a vivid spark, called lightning. The 
destructive effects of the lightning are due to the discharge 
between the clouds and the earth. 

Thunder, — The heat of the spark vaporizes the rain drops, 
and enormously expands the air, producing on their sub- 

• ** Elements of Physical Geography, for the Use of SchooU, 4.cad- 
emies and CoUeges," by Kdwin J. Houston, A.M. Philadelphia: 
£idredgedc Brother. 1891. 172 pages. Revised Edition, Price $1.23. 
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sequent cooling a partial yacunm, which is further incrpased 
by the momentary pushing aside of the air by the dis- 
charge. The surrounding air rushing Tiolently into this 
vacuum produces the sound called thunder. 

The potential of the lightning flash is enormously hi^ier 
than that produced by artificial means, and most be eqpuH 
to many millions of volts. This high potential is doe to the 
enormous decrease in the surface of a single raindrop from 
that of the thousands of smaller drops which have co- 
alesced to form it. 

Varieties of lightning. — There are five varieties of light- 
ning : zigzag or chain, sheet, heat, global tr, and volcanic 
lightning. 

Zigzag lightning probably owes its forked shape to the 
resistance which the air offers to its passage throo^ it. 
The air particles, being crowded together in the path of 
the spark, the lightning darts to one side, where the air is 
less dense. 

Sheet lightning generally accompanies thunder stoims 
and appears as an expanded flash, which illumines tiie 
clouds. 

Heat lightning, or lightning urithout thuTuder^ is gener- 
ally ^een near the horizon, during hot weather. It is prob- 
ably oau:$ed by the reflection of lightning from a storm 
below the horizon. 

Globular lightning,— On rare occasions the lightning 
ap(>earsiu the form of a globe of light; which remains 
stationary in the air or moves slowly throogh it. Its c«Qse 
is unknown. 

VWcuMtc lightHiHg.^Vaiin^ the eraptioii oC volcsnoeB, 
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vivid flashes of lightning often occur in the air near the 
craters. Volcanic lightning is probably caused by the 
rapid condensation of the vast volumes of vapor emitted 
with the ashes and lava. 

Lightning rods, invented by Franklin, protect the build- 
ings on which they are placed, by quietly discharging the 
electeicity from the overhanging cloud. They generallr 
effect this by an opposite electricity passing from the earth 
up the rod, and neutralizing that of the cloud. Unless the 
rods are placed in good metallic connection with the earth, 
and with all conductors near them, they are sources of 
danger rather than of protection. 

Noad, in his book '' The Student's Text-Book of 
Electricity/' * on page 114, speaks thus in reference 
to what atmospheric electricity is : 

Is it electricity of the earth, or electricity of the air, or 
electricity of watery or other particles in the air? 

Professor Thomson {Proceedings of the Royal Institution, 
May 18, 1860) does not agree with Peltier in regarding the 
earth as a resinously charged conductor insulated in space, 
and subject only to accidental influences from temporary 
electric deposits in clouds or air around it ; because, al- 
though it is true that in severe weather the earth*s sui-face 
is generally found to be n»*gatively electrified, and although 
the earth is insulated in its atmospheric envelope, being in 
fact a conductor touched only by air (a strong insulator), it 

*** The Student's Tett-Book of Elecfcriaity." by Henry M. Noad, 
London: Crosby. Lock^ood & Co. 1879. 615 pages, i71 lUustra- 
UoDs. Prioe, 14.00. 
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is to be remarked that air when highly rarefied becomes 
weak in its resistance to the transference of electricitj 
through it, and begins to appear rather as a conductor than 
as an insulator, so that at a distance of 100 miles or up- 
ward from the earth's surface, the air in space cannot in 
all probability have resisting power enough to bear any 
such electric force as those which we find even in serene 
weather in the lower strata, and there must always be es- 
sentially in the higher aerial regions a distribution arising 
from the self-relief by the outer highly rarefied air by dis- 
ruptive discharges. 

Thomson considers that this electric stratum must con- 
stitute very nearly the electropolar complement of all tiie 
electricity that exists on the earth's surface and in the 
lower strata of the atmosphere. 

The quality of noa resistance to electric force of the thin 
interplanetary air being considered, the earth, the (xtmo- 
sphere, and the surrounding medium may be regarded as 
constituting respectively the inner coating, the dielectric, 
and the outer coating of a large Leyden phial charged neg- 
atively. 

The methods employed for collecting atmospheric elec- 
tricity (burning match, dropping water) give the "etectrif 
poientiaV^ of the air at the point occupied by the bumin 
match or by the portion of the stream of water where 
breaks into drops. 
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The only fact known in electricity in the year 
GOO B. c. was that amber, when rubbed against the 
clothing, acquired the property of first attracting 
and then repelling light objects brought near to it. 

There are two kinds of electricity ; viz., positive 
and negative. A body charged with positive elec- 
tricity will repel another body charged with positive 
electricity, but will attract a body charged with 
negative electricity. 

An electroscope determines both the presence and 
the character of an electric charge. An electrom- 
eter measures the quantity of such charge. 

Electrostatics treats of the properties and pecul- 
iarities of electric chai-ges. 

The laws of electrostatics may be expressed as 
follows, viz. : 

(1.) Like charges repel one another, unlike 
charges attract. 

(2.) The force exerted by the attraction or repul- 
sion of two charges is directly proportional to the 

product of the quantities of electricity and inversely 

(273) 
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proportional to the square of the distance between 
them. 

Substances differ in the ease with which electric 
excitement is transmitted through them. Some 
permit tlie electric force to be readily passed 
through them and are called conductors. Others 
resist the passage of the electric force and are called 
non conductors or insulators. The metals^ well 
burned charcoal, and moist earth are conductors ; 
oil, dry air, gas^ wax, resin and hard rubber are 
non-conductors or insulators. 

In order to insulate a wire or conductor, the insu- 
lating material is either spread over the surface of the 
wire or conductors or serves as a support on which 
such wire or conductor rests. 

Both the insulating power and the tensile strength 
should be considered in selecting a material suitable 
for an insulator. 

When the ends of several wires or conductors are 
joined together, the method employed in effecting 
such joint should not introduce an excessive resistance 
at the point of junction. Among the comqfioneat 
forms of joints employed for telegraphic and tele- 
phonic wires are the American twist joint, the 
Britannia joint, and the parallel sleeve joint. 

When an insulated conductor is electrified byfric- 
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tion, or by contact with another electrified body, it 
receives what is known as an electric charge. When 
a charged body is so placed that its charge can be 
transferred to another body, or to the earth, it will 
lose its charge or be discharged. An electric dis- 
charge produces an electric current. 

The electric discharge produces a variety of. effects 
which can be conveniently arranged under the fol- 
lowing heads : 

(1.) Mechanical effects. 

(2.) Thermal or heating effects. 

(3.) Luminous effects. 

(4.) Magnetic effects. 

(5.) Chemical effects. 

(6.) Physiological effects. 

An electric discharge can be effected in a variety 
of ways ; among the most important of these are : 

(1.) The conductive discharge, where the discharge 
is effected by means of a conducting path established 
between the charged body and the body to which the 
discharge is transferred. 

(2.) The convective discharge, or that in which 
the discharge is effected at points that are electric- 
ally connected with the charged body by means of 
streams of electrified air particles that are thrown 
off from the points, and which gradually dis- 
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charge the body by minute charges carried there- 
from. 

(3.) A disruptive discharge, in which the body 
which is to receive the charge is brought near to, 
but not in actual contact with, the charged body 
until the discharge passes by means of a spark 
through the air or other space separating the two 
bodies. 

An electric source consists of any contrivance or 
combination of parts by means of which electric ex- 
citement can be obtained by the proper expenditure 
of energy.. 

The electricity produced by electric sources is 
passed through various electro-receptive devices, 
that are connected to the source by conducting cir- 
cuits, and afterwards returns to the source. 

The points of a source at which the electricity 
respectively leaves and enters it are called its poles; 
that point at which the current leaves the source 
being called its positive pole, and the point at which 
it enters the source, after it has passed through 
the receptive device, is called its negative pole. 

The energy exj^endcd in oj)erating an electric 
source is converted into electrical energy. 

Electric sources are of a great variety of forms. 
They may be conveniently arranged into classes ac- 
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Various effects aiV r.- .Iijr-.. v;.':!. :ii( <-iM;l.r.' 'i., 

charge or curro::: ii :.i.-- - ! ■.. . .;'■! '.i.mi. 

The poles of ii:i r. -::•.-.• :/r;*w« 'i« y.'/ ,. 
points where ti.e ■:•.•■-■ .: \:i.-.':. .:.■',,.-.*. ', . ■/ , 
*levice. The p'>s::"v; -.! .- '/ ,.?. i:.i -..'.% /, ^/ 
vice ia the pole Ov .::.;.: :■* ■> .-. .:.» y/i..\. 
of the battery or -^'. .... . .'. ./'.« ^.^ ;, y^ 

of an electro-ret:--^ '■. : . .',« ,, -..^ ^^^ 

>*ith the negative c*;.-.'.*. .-. '/ v;^ >i**^^' ,, 
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source. This usage is different from that adopted 
in the case of an electric source. 

A great variety of electro-receptive devices have 
been devised ; in all, however, electric energy is 
converted into some other phase of energy, such, for 
example, as chemical energy, heat energy, luminous 
energy, or mechanical energy. 

In some forms of electro-receptive devices the 
electric energy is converted into more than a single 
form of energy, such, for example, as the electric 
lamp, where light, heat and magnetic energy are 
produced. 

Among some of the more important forms of 
electro-receptive devices are electric motors, arc and 
incandescent lamps, plating baths, uncharged stor- 
age batteries, transformers, Leyden jars or conden- 
sers, electromagnets, electric bells, electric annunci- 
ators, and various telegraphic and telephonic appa- 
ratus. 

It is important to remember that an electric 
source should not be regarded as producing elec- 
tricity or electric currents. What it produces is a 
difference of electric potential ; or, as it is commonly 
called, electromotive force. 

When an electric source has produced a difference 
of potential or electromotive force at its terminals 



PRtMEU OF PRIMElt^ ^7d 

or poles, and these poles are connected by means of 
any conducting path, such difference of potential 
equalizes itself, and produces a discharge through 
such conducting path, or, in other words, causes an 
electric current to flow through it. The value of 
this current strength, in the case of steady currents, 
is directly proportional to the difference of potential 
or electromotive force, and inversely proportional to 
the resistance. 

Differences of electric potential, or of electric 
level, may be regarded as similar to differences of 
liquid level. If a difference of liquid level exists be- 
tween any two points in a vessel filled with liquid, 
and these two points are connected by an open tube, 
a current will be produced, and the liquid will flow 
through' such tube from the higher to the lower 
level. The quantity of such flow will depend on 
the difference of level and the area of cross section 
of the tube. 

Similarly, if a difference of electrical level or 
potential be obtained by means of an electric source, 
and any two points at different levels be connected 
by a conductor, an electric current will be produced 
which is assumed to flow from the higher to the 
lower level. The amount of such flow, rn the case 
of steady currents, is directly proportional to the 
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diflference of level, and inversely proportional to the 
resistance. In all cases, the electricity produced by 
different sources as a result of difference of level, 
is assumed to flow from the higher to the lower 
level, or from the positive to the negative pole. 

The electric current, or the rate of flow of elec- 
tricity, between any two points, is conveniently ex- 
pressed by the following formula : 

B 

0=^ — 
R 

in which (7, equals the current strength ; ff, the 
electromotive force, and R, tlie resistance. 

An electric circuit consists of an electric source or 
sources connected in a va-riety of ways with an 
electro-receptive device or devices by means of con- 
ducting paths. 

Electric circuits are of a great variety of forms ; 
in all, however, the current strength can be deter- 
mined by means of the following formula, namely, 

0= ^ 



r + r' + r" 



in which C, equals the current strength, Ey the 
electromotive force, r, the resistance of the electric 
source, r', the resistance of the leads or conductors. 
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and r"y the resistance of the electro-receptive de- 
vices. 

The Centimetre-Gramme-Second system of units 
is based on the centimetre as the unit of length, the 
gramme as the unit of mass, and the second as the 
unit of time. The various measurements required 
in electrical work are based on the centimetre- 
gramme-second system of units. The value of such 
units, however, is inconvenient in practice and they 
have, therefore, been replaced by certain units called 
the practical electric units. 

The practical electric units are as follows : 

The practical unit of electric current is called the 
ampere, after Ampere. The ampere is such a rate 
of flow or transmission of electricity, as would pass 
through a circuit whose resistance is one ohm, when 
under an electromotive force of one volt. 

Defined by the amount of chemical decomposition 
it can effect, the ampere is such a current as will 
deposit .00111815 gramme of silver per second, or 
.00009326 gramme of dilutesulphuric acid per second. 

The practical unit of electric quantity is called the 
coulomb after Chas. A. Coulomb. A coulomb is the 
amount of electricity that would pass in one second 
under an electromotive force of one volt through a 
circuit whose resistance is equal to one ohm. 



SLil:^ &a am.s<irP^ li snoh a nce •>f flov as vonld 
poes anier ia eIe»::roni'Xif"e f>rce of one Tolt 
taroogli a cir:cih w^a^jee resLsCance is one ohm, an 
ampere mosr be -ei^:!*! uo •>tie-€oaIoml>-per-«econd. 

The p^A»:^ti•:-ikI aai: of ele»?srie pressare or of elec- 
tr>.Ti>:ive tyr2- U OAlIe«i :he rolt, after Alexander 
Volca. The vole is eqoal to the electromotire force 
reqaired to cause a carrent of one ampdre to pass 
throagh a c'lKuit whotse resLstance is one ohm. 

The practical unit of electric resLstance is called 
the ohm, after Dr. Ohm. The ohm is sach a resist- 
ance as wj'jM limit the flo^r of electricity through a 
circuit under an electromotive force of one rolt to 
one ampere, or one-coulomb-per-second. 

The ohm is a resistance equal to that of a column 
of mercury of about 106 centimetres in length and 
one square millimatre in area of cross section at the 
temperature of 0® C. 

The practical unit of electric capacity is called the 
farad, after Michael Faradav. A farad is such a ca- 
pacity of a conductor as would enable it to hold a 
quantity of electricity equal to one coulomb when 
put into it under a pressure of one volt. 

The practical unit of electric work is called the 
joule, after Dr. Joule. A joule, or volt-coulomb, is 
equal to the product of a volt by an ampere. 
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E 
The formula C = — is an expression for what is 

R 

known in science as Ohm's law. We may express 
the same thing as follows : 

Volts 

Amperes = 

Ohms 

There are three expressions for the watts or the 

volt-amperes ; namely, 

(1.) C E = The watts. 

(3.) C^ R = The watts. 

E^ 
(3.) — = The watts. 
R 

Various electric circuits are employed in the prac- 
tical distribution of electricity. The most import- 
ant of these are : 

(1.) The series circuit. 

(2.) The multiple circuit. 

(3.) The multiple-series circuit. 

(4.) The series-multiple circuit. 

In the series connection of sources the positive 
pole of each separate source is connected to the 
negative pole of each succeeding source, and the 
negative and positive poles of the extreme ends are 
connected to conductors external to the battery. In 
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proportional to the square of the distance between 
them. 

Substances differ in the ease with which electric 
excitement is transmitted through them. Some 
permit the electric force to be readily passed 
through them and are called conductors. Others 
resist the passage of the electric force and are called 
non conductors or insulators. The metals, well 
burned charcoal, and moist earth are conductors; 
oil, dry air, gas, wax, resin and hard rubber are 
non-conductors or insulators. 

In order to insulate a wire or conductor, the insu- 
lating material is either spread over the surface of the 
wire or conductors or serves as a support on which 
such wire or conductor rests. 

Both the insulating power and the tensile strength 
should be considered in selecting a material suitable 
for an insulator. 

When the ends of several wires or conductors are 
joined together, the method employed in effecting 
such joint should not introduce an excessive resistance 
at the point of junction. Among the commonest 
forms of joints employed for telegraphic and tele- 
phonic wires are the American twist joint, the 
Britannia joint, and the parallel sleeve joint. 

When an insulated conductor is electrified by fric- 
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tion, or by contact with another electrified body, it 
receives what is known as an electric charge. When 
a charged body is so placed that its charge can be 
transferred to another body, or to the earth, it will 
lose its charge or be discharged. An electric dis- 
charge produces an electric current. 

The electric discharge produces a variety of. effects 
which can be conveniently arranged under the fol- 
lowing heads : 

(1.) Mechanical effects. 

(2.) Thermal or heating effects. 

(3.) Luminous effects. 

(4.) Magnetic effects. 

(5.) Chemical effects. 

(6.) Physiological effects. 

An electric discharge can be effected in a variety 
of ways ; among the most important of these are : 

(1.) The conductive discharge, where the discharge 
is effected by means of a conducting path established 
between the charged body and the body to which the 
discharge is transferred. 

(2.) The convective discharge, or that in which 
the discharge is effected at points that are electric- 
ally connected with the charged body by means of 
streams of electrified air particles that are thrown 
off from the points, and which gradually dis- 
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charge the body by minute charges carried there- 
from. 

(3.) A disruptive discharge, in which the body 
which is to receive the charge is brought near to, 
but not in actual contact with, the charged body 
until the discharge passes by means of a spark 
through the air or other space separating the two 
bodies. 

An electric source consists of any contrivance or 
combination of parts by means of which electric ex- 
citement can be obtained by the proper expenditure 
of energy.. 

The electricity produced by electric sources is 
passed througii various electro-receptive devices, 
that are connected to the source by conducting cir- 
cuits, and afterwards returns to the source. 

The points of a source at which the electricity 
respectively leaves and enters it are called its poles; 
that point at which the current leaves the source 
being called its positive pole, and the point at which. 
it enters the source, after it has passed through- 
the receptive device, is called its negative pole. 

The energy expended in operating an electrio 
source is converted into electrical energy. 

Electric sources are of a great variety of forms. 
They may be conveniently arranged into classes ac- 
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cording to the character of the energy required to 
operate them. 

Among electric sources by means of which mechan- 
ical energy or energy of motion is converted into 
electrical energy, are the frictional electric machine, 
the hydro-electric machine, the magneto-electric 
machine, and the dynamo-electric machine. Among 
those for converting the radiant energy of light or 
heat into electric energy, are the thermopile and 
various crystalline bodies like tourmaline. Among 
those for converting chemical potential energy into 
electric energy, are the voltaic cell atid the charged 
storage battery. 

Electro-receptive devices are means by which 
one or more of the effects produced by an elec- 
tric discharge or current are obtained. They con- 
sist of various combinations of circuits in which 
various effects are produced, when an electric dis- 
charge or current is passed through them. 

The poles of an electro-receptive device are the 
points where the current passes into and out of such 
device. The positive pole of an electro-receptive de- 
vice is the pole connected with the positive terminal 
of the battery or electiic source ; the negative pole 
of an electro-receptive device is the pole connected 
with the negative terminal of the battery or electric 
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source. This usage is different from that adopted 
in the case of an electric source. 

A great variety of electro-receptive devices have 
been devised ; in all, however, electric energy is 
converted into some other phase of energy, such, for 
example, as chemical energy, heat energy, luminous 
energy, or mechanical energy. 

In some forms of electro-receptive devices the 
electric energy is converted into more than a single 
form of energy, such, for example, as the electric 
lamp, where light, heat and magnetic energy are 
produced. 

Among some of the more important forms of 
electro-receptive devices are electric motors, arc and 
incandescent lamps, plating baths, uncharged stor- 
age batteries, transformers, Leyden jars or conden- 
sers, electromagnets, electric bells, electric annunci- 
ators, and various telegraphic and telephonic appa- 
ratus. 

It is important to remember that an electric 
source should not be regarded as producing elec- 
tricity or electric currents. What it produces is a 
difference of electric potential ; or, as it is commonly 
called, electromotive force. 

When an electric source has produced a difference 
of potential or electromotive force at its terminals 
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Or poles, and these poles are connected by means of 
any conducting path, such difference of potential 
equalizes itself, and produces a discharge through 
such conducting path, or, in other words, causes an 
electric current to flow through it. The value of 
this current strength, in the case of steady currents, 
is directly proportional to the difference of potential 
or electromotive force, and inversely proportional to 
the resistance. 

Differences of electric potential, or of electric 
level, may be regarded as similar to differences of 
liquid level. If a difference of liquid level exists be- 
tween any two points in a vessel filled with liquid, 
and these two points are connected by an open tube, 
a current will be produced, and the liquid will flow 
through' such tube from the higher to the lower 
level. The quantity of such flow will depend on 
the difference of level and the area of cross section 
of the tube. 

Similarly, if a difference of electrical level or 
potential be obtained by means of an electric source, 
and any two points at different levels be connected 
by a conductor, an electric current will be produced 
which is assumed to flow from the higher to tlio 
lower level. The amount of such flow, rn the case 
of steady currents, is directly proportional to the 
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difference of level, and inversely proportional to the 
resistance. In all cases, the electricity produced by 
different sources as a result of difference of level, 
is assumed to flow from the higher to the lower 
level, or from the positive to the negative pole. 

The electric current, or the rate of flow of elec- 
tricity, between any two points, is conveniently ex- 
pressed by the following formula : 

E 
(7== — 
R 

in which (7, equals the current strength ; E, the 
electromotive force, and R, the resistance. 

An electric circuit consists of an electric source or 
sources connected in a variety of ways with an 
electro-receptive device or devices by means of con- 
ducting paths. 

Electric circuits are of a great variety of forms ; 
in all, however, the current strength can be deter- 
mined by means of the following formula, namely, 

0= ^ 



r -\- r' -\- r" 



in which C, equals the current strength, E^ the 
electromo^^^ive force, r, the resistance of the electric 
source, r', the resistance of the leads or conductors. 
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and r", the resistance of the electro-receptive de- 
vices. 

The Centimetre-Gramme-Second system of units 
is based on the centimetre as the unit of length, the 
gramme as the unit of mass, and the second as the 
unit of time. The various measurements required 
in electrical work are based on the centimetre- 
gramme-second system of units. The value of such 
units, however, is inconvenient in pr.ictice and they 
have, therefore, been replaced by certain units called 
the practical electric units. 

The practical electric units are as follows : 

The practical unit of electric current is called the 
ampere, after Ampere. The ampere is such a rate 
of flow or transmission of electricity, as would pass 
through a circuit whose resistance is one ohm, when 
under an electromotive force of one volt. 

Defined by the amount of chemical decomposition 
it can effect, the ampere is such a current as will 
deposit .00111815 gramme of silver per second, or 
.00009326 gramme of dilutesulphuric acid per second. 

The practical unit of electric quantity is called the 
coulomb after Ohas. A. Coulomb. A coulomb is the 
amount of electricity that would pass in one second 
under an electromotive force of one volt through a 
circuit whose resistance is equal to one ohm. 
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Since aa ampere is such a rate of flow as would 
pass under an electromotive force of one volt 
through a circuit whose resistance is one ohm^ an 
ampere must be equal to one-coulomb-per-second. 

The practical unit of electric pressure or of elec- 
tromotive force is called the volt, after Alexander 
Volta. The volt is equal to the electromotive force 
required to cause a current of one amp5re to pass 
through a circuit whose resistance is one ohm. 

The 2)ractical unit of electric resistance is called 
the ohm, after Dr. Ohm. The ohm is such a resist- 
ance as would limit the flow of electricity through a 
circuit under an electromotive force of one volt to 
one ampere, or one-coulomb-per-second. 

The ohm is a resistance equal to that of a column 
of mercury of about 106 centimetres in length and 
one square millimatre in area of cross section at the 
temperature of 0** C. 

The practical unit of electric capacity is called the 
farad, after Michael Faraday. A farad is such a ca- 
pacity of a conductor as would enable it to hold a 
quantity of electricity equal to one coulomb when 
put into it under a pressure of one volt. 

The practical unit of electric work is called the 
joule, after Dr. Joule. A joule, or volt-coulomb, is 
equal to the product of a volt by an ampfire. 
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The formula = — is an expression for what is 

R 

known in science as Ohm's law. We may express 
the same thing as follows : 

Volts 

Amperes = 

Ohms 

There are three expressions for the watts or the 

volt-amp6res ; namely, 

(1.) C^^= The watts. 

(3.) C^ R = The watts. 

E^ 
(3.) _ = The watts. 
R 

Various electric circuits are employed in the prac- 
tical distribution of electricity. The most import- 
ant of these are : 

(1.) The series circuit. 

(3.) The multiple circuit. 

(3.) The multiple-series circuit. 

(4.) The series-multiple circuit. 

In the series connection of sources the positive 
pole of each separate source is connected to the 
negative pole of each succeeding source, and the 
negative and positive poles of the extreme ends are 
connected to conductors external to the battery. In 
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the series couuection of electro-receptive devices 
the poles of the 'device are so connected to the line 
wire or conductor that the current passes succes- 
sively through each device or source removed from 
the circuit. 

In the series connection of electric sources the 
electromotive force of the source is equal to the 
sum of the electromotive forces of the separate 
sources. 

In the multiple connection of sources, or electro- 
receptive devices, all the positive poles are connected 
to a single positive lead or conductor, and all the 
negative poles are similarly connected to a single 
negative lead or conductor. The resistance of such 
a circuit decreases with every source or device added 
in parallel. 

In the multiple-series connection of sources or 
electro-receptive devices, a number of separate 
sources or devices are connected in separate groups 
in series, and these separate groups subsequently 
connected in parallel. 

In the series-multiple connection of sources or 
electro-receptive devices these separate sources or 
devices are connected in separate groups in multiple, 
and these separate groups subsequently connected to 
one another in series. 
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The laws of magnetic attraction and repulsion m:u' 
be expressed as follows, namely : 

(1.) Like magnetic poles repel one another. Un- 
like magnetic poles attract one another. 

(2.) The force of magnetic attraction or repulsion 
exerted by two magnetic poles is proportional to the 
product of the strength of the magnetism possessed 
by the two magnets, and under certain circum- 
stances, is inversely proportional to the square of 
the distance between them. 

Magnets are either natural or artificial, straight or 
curved, simple or compound. 

All magnets possess two poles, a north and south 
pole. Anomalous magnets aj^parently j^ossess moi'e 
than two poles ; in such cases, however, a number 
of magnets are so placed together as to act ap- 
parently as a single magnet. 

A magnet is surrounded by a region or atniosphoro 
of influence called the magnetic field, vvhioli is 
traversed by what are called lines of magnetic; force. 

The presence of lines of magnetic force can be 
shown by placing a sheet of glass or paper ovwr a 
magnet and sprinkling iron filings on its surface. 
On gently tapping the sheet, the iron filings are ar- 
ranged in lines that follow generally the direction 
of the lines of magnetic force. 
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Magnets can be produced by stroking a magnet- 
izable body by the poles of another magnet. The 
methods of magnetization by touch are mainly three, 
namely, single touch, separate touch and double 
touch. 

The poles of a magnet are the points or places at 
which the lines of magnetic force pass out of or into 
the magnet. When a magnetizable body is brought 
into a magnetic field, the lines of force pass through 
it and the body becomes magnetized by induction. 
The points where the lines pass into the magnetized 
body become the south magnetic poles, and where 
they leave it, after having passed through it, the 
north magnetic poles. 

When a body is mti^netized by induction, the 
strength of the magnetization produced depends on 
the number of lines of force that pass through it. 
The polarity depends on the direction in which these 
lines of force pass through it, and the position of its 
magnetic poles, depends on the points where tliey 
enter and leave the body. 

All lines of magnetic force form closed circuits. 
A part of their path lies within the mass of the 
magnet itself; the remainder of their path is com- 
pleted through the medium which lies outside the 
magnet. 
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A complete magnetic circuit generally consists of 
three parts; namely: 

(1.) The magnetic source or place where the lines 
of magnetic force are originated. 

(2.) The magnetic circuit. 

(3 ) The magneto-receptive devices. 

In some cases, as in closed iron rings, the magnetic 
circuit is completed entirely through iron ; in others 
such circuit is completed partly through iron and 
partly through air. Such circuits are called re- 
spectively, closed ma.i^netic circuits and divided 
magnetic circuits. 

Although it is not known what direction the lines 
of magnetic force actually take, yet for convenience 
it is assumed that they come out of the north pole 
of a magnet and enter the magnet at its south 
pole. 

The portative power of a magnet, or its ability to 
hold a weight attached to its poles, is increased by 
the use of a soft iron armature. 

A paramagnetic body, if cut in the form of a 
slender needle and suspended between the poles of a 
powerful electromagnet, will come to rest with its 
greatest length in the direction of the line of the 
poles. A diamagnetic body, when cut in the form 
of a slender needle and similarly placed, will come 
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to rest with its least dimensions in the direction of 
the lino of the poles. 

Iron, steel, nickel, cobalt, chromium, cerium and 
manganese are paramagnetic substances. Bismuth, 
phosphorus, zinc and mercury are diamagnetic sub- 
stances. 

Amp(^re's theory of magnetism ascribes the pro- 
duction of magnetism to the presence of minute 
closed electric circuits located in the ultimate par- 
ticles of matter. 

When a substance is thoroughly magnetized, the 
circuits in all the particles are rendered parallel to 
one another ; when demagnetized, this parallelism 
no longer exists. 

Ampere's theory of magnetism explains coercive 
force as due to the resistance the circuits offer to 
being forced to assume parallelism. 

Ampere showed that in the case of a cylindrical 
bar, when all these circuits were brought into par- 
allelism, the effective magnetizing circuit could be 
correctly represented by a single spiral or coil of 
wire through which an electric current was passing. 
He called such a coil a solenoid, and showed, by 
numerous experiments, that the solenoid acquired 
magnetic polarity when traversed by an electric 
current. 
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Hughes' theory of magnetism assumes that the 
ultimate particles of matter are naturally magnetic ; 
that in an unmagnetized bar these particles are ar- 
ranged so as to neutralize each other, but that in a 
magnetized bar they are polarized or caused to point 
in the same direction. Hughes^ theory closely re- 
sembles Amp^re^s. It differs, however, in assumijig 
the particles to be originally magnetized without 
assigning any cause for such magnetization. 

Ewing^s theory of magnetism also assumes the 
ultimate particles of matter to be naturally magnetic. 
It does not assert, however, that any necessity exi>ts 
for assuming that these particles resist any move- 
ments required to polarize them. 

In 1838, at the suggestion of Alexander Von 
Humboldt, magnetic observations were made simul- 
taneously in widely distant parts of the earth. By 
these observations it was established that magnetic 
disturbances occurring iji one part of the earth were 
simultaneously accompanied by similar disturbances 
over all parts of the earth ; or, in other woi'ds, that 
the earth acts as a huge magnet. 

As in the case of an artificial magnet, the lines of 
magnetic force come out of the earth at its north mag- 
netic pole, and, after passing through the air outside 
of the earth, enter it again at its south magnetic polo. 
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Calling the end of the needle that points toward 
the magnetic north of the earth the north magnetic 
pole of the needle, it follows that the south magnetic 
pole of the earth lies in the Northern Hemisphere. 

The north pole of the needle points to the earth's 
geographical north in but few localities. Elsewhere 
it points either to the east or west of the true north. 
This variation from the earth's true north or south 
p^^e is called the magnetic declination. 

The magnetic needle, when free to move in a verti- 
cal as well as a horizontal plane, comes to rest in a 
horizontal position in but few i)arts of the earth. In 
most localities either one or the other pole dips or in- 
clines toward the earth's surface. This is called the 
inclination of the needle. 

If the magnetic needle is slightly disturbed from 
its position of rest in the earth's field, it will make a 
number of oscillations, or to-and fro movements, be- 
fore coming to rest. The number of such move- 
ments will be greater, the greater the intensity of 
the earth's magnetism at that particular place ; that 
is, the greater the number of lines of magnetic force 
that pass through a given unit of area of cross section. 

The values of the magnetic declination, inclina- 
tion and intensity at any place are called the mag- 
netic elements of that place. 
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An isogonal map or chart is a chart on which the 
isogonal lines, or the lines passing through places 
who«e magnetic declination is the same, are marked. 

An isoclinal map or chart is a chart on which the 
isoclinal lines, or the lines passing through places 
which have the same inclination, are marked. 

An isodynamic map or chart is a chart on which 
the isodynamic lines, or the lines passing through 
places whose magnetic intensity is the same, are 
marked. 

The mariner's compass is an apparatus in which a 
magnetic needle is employed to determine north and 
south direction. 

The cause of the earth's magnetism is unknown ; 
it has been ascribed to electric currents circulating 
around the earth and to induction from the sun. 
Whatever may be its cause, a jnarked coincidence 
exists between the times of occurrence of magnetic 
storms and of these outbursts of solar energy called 
sun-spots. 

The connection between an electric current and 
magnetism was first discovered by Oersted in 1819. 

A conducDor through which an electric current is 
flowing produces in the space outside it lines of 
magnetic force, which surround it as more or 
less concentric circles. Bodies brought into this 
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magnetic field are affected as tliey would be in 
any other magnetic field ; that is, they become mag- 
netized by induction, have differences of potential 
set up in them when moved through the field so as 
to cut its lines of force, or are deflected from their 
position of rest as other magnets would be. In the 
magnetic field produced by an electric current the 
lines of magnetic force are assumed to take a direc- 
tion the same as that which the hands of a clock 
would appear to take to an observer looking at such 
lines from below. 

An electromagnet consists essentially of a core of 
soft iron on the outside of which is wrapped a coil 
of insulated wire. When an electric current is sent 
through this coil the core becomes powerfully mag- 
netic with a polarity which depends not only on the 
direction in which the coil is wound, but also on the 
direction in which the current passes through it. 

The magnetizing coils are called helices or solen- 
oids. They are named according to the direction in 
which they are wound as right-handed and left- 
handed helices or solenoids. 

The strength of an electromagnet is nearly pro- 
portional to the strength of the magnetizing cur- 
rent, provided the core is not saturated. It is also 
proportional to the number of ampere turns ; that is. 
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to the number of turns of wire in the coil through 
which one ampere passes. 

Electromagnets assume a great variety of forms, 
such as horseshoe magnets, solenoidal magnets, cyl- 
indrical magnets, iron-clad magnets and zigzag 
magnets. 

When an iron core is drawn into a hollow sole- 
noid by its magnetic attraction, in order to in- 
sure a uniform pull the core is so shaped as to in- 
sure a greater mass at its central parts than at its 
ends. Cores so shaped are known technically as 
Krizik cores. 

Electrostatics is that branch of electric science 
which treats of electric charges. 

The laws of electrostatics may be expressed as 
follows : 

(1.) Like charges repel, unlike charges attract 
each other. 

(2.) The force of electrostatic attraction and re- 
pulsion exerted between two bodies is directly pro- 
portional to the product of the quantities of electric- 
ity possessed by the two bodies and inversely as the 
square of the distance between them. 

Different media vary in their specific inductive 
capacity; that is, in their ability to permit elec- 
trostatic induction to take place between them. 
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As a rule the best insulators possess the highest 
specific inductive capacity. 

An electric charge resides on the surface of an in- 
sulated conductor. Such a charge is said to be free 
when removed from the influence of neighboring 
charges, or is said to be bound when held in place 
by the opposite attraction of a charge on a neighbor- 
ing body. 

The Leyden jar is generally made for commercial 
use in a form known as the condenser. In such 
cases the metallic coatings are separated from one 
another by sheets of oiled silk or mica. 

In tlie frictional electric machine an electric 
char<^e, developed by the friction of a rubber against 
ji ghiss plate, is taken off the plate by the action of 
a series of points connected to an insulated con- 
ductor. 

In the electrophorus a charge is obtained by the 
inductive action of a negatively excited resin disc 
on an insulated metallic plate placed near it. In 
order to obtain a free charge by induction the metal 
plate is first connected to the earth so as to part 
with a charge of the same name as that on the resin 
disc. 

In the case of an electrostatic induction machine 
comparatively powerful charges are obtained on the 
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principle of the electrophorus, means being pro- 
vided for revolving such electrophori and automati- 
cally discharging them. 

The Holtz and Wimshursfc machines are good 
types of electrostatic induction machines. 

Two of the older theories or hypotheses of elec- 
tricity are the single-fluid hypothesis of Franklin 
and the double-fluid hypothesis of Du Fay. 

There is always some free electricity in the at- 
mosphere. This electricity is generally positive but 
readily changes to negative on the approach of a 
cloud or fog. It exists in greater amount in the 
upper regions of the air and varies at different times 
of the year or at different hours of the day or night. 

The free electricity of the atmosphere is probably 
due to evaporation, to differences of temperature, 
chemical action, and, possibly, to a variety of other 
causes. It is, however, to the condensation of moist- 
ure or vapor that the hgh potential of the lightning 
flash is to be ascribed. 

The lightning flash is caused by a discharge occur- 
ring between a charged cloud and the earth or be- 
tween two neighboring clouds. The accompanying 
thunder is due to the disturbance of the air caused 
to some extent by the passage of the discharge 
through it, but mainly by the vacuum produced by 
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the sudden condensation of the vapor formed by the 
passage of the discharge through rain-drops. 

The following facts have been noticed concerning 
the geographical distribution of thunder storms : 

(1.) They seldom occur in the polar regions. 

(2.) They seldom occur in rainless districts. 

(3.) They are most frequent and violent in the 
equatorial regions. 

(4.) In regions beyond the tropics they occur for 
the greater part during those rainy seasons when the 
rain-fall comes from vapor which is condensed 
shortly after its formation. 

There are five varieties of lightning : 

(1.) Zigzag or forked lightning. 

(2.) Sheet lightning. 

(3.) Heat lightning. 

(4.) Volcanic lightning. 

(5.) Globular lightning. 

A lightning rod protects a building to which it is 
attached either by tictually discharging the charged 
cloud by means of a convective discharge, or by 
safely passing its discharge to the ground. A light- 
ning rod to be effective must fulfill the following 
conditions : 

(1.) Its area of cross section or conducting power 
must be sufficiently great. 



PBIMRR OF rmMEl:s:. 397 

(2.) It should either be continuous throughout, or, 
when jointed, the joints should be of small resistance, 

(3.) Its upper extremity should terminate in a 
point or points of non corrodible material. 

(4.) Its lower end should be thoroughly grounded. 

(5.) It should project above the highest part of 
the building. 

(6.) As to form, a flat rod is preferable to a 
cylindrical rod. 

(T.) Iron is preferable to copper for lightning rods. 

In order to protect instruments placed on tele- 
graph, telephone or other lines employing bare con- 
ductors from the destructive effects of the lightning 
discharge, various forms of lightning arresters are 
employed. 

Lightning arresters depend in principle on the 
fact that owing to the high inductance a disruptive 
discharge will take an alternative path to the ground 
through a small air space rather than through the 
coils of the instruments that are to be protected. 

The aurora borealis occurs during the prevalence 
of an unusual quantity of free electricity in the atmo- 
sphere, and is believed to be due to the passage of 
electric discharges through rarefied air. This 
phenomenon occurs especially during the prevalence 
of sun-spots or during magnetic storms. 
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A COUSTIC resonance, 849, 250 
-^^ Aerial cable, 32 
Amber, effects of friction on, 7 
American i wist joint, 35 
Amo^re. 99 

definition of, 99, 100 

unit of current named after, 
103 
Ampere's theory of magnetism, 

16i, 163 
Angle of deslination, 182 
Animals as electric sources, 66 
Anomalous magnet, 140 

magnetic helix, 209 
Arc, Yoltaic, 16 
Armature of magnet, 155 

nature of action of. 156 
Armor of cable, 31, 
Armstrong's hydro-electric ma- 
shine, 61 
Arrester, lightning, 264 
Atmospheric electricity, 253 

generul principles concern- 
ing, 254 

theories as to the cause of, 
254, 255, 256 
At'.raction electrostatic, 8 

magnetic, laws of, 133 
Aurora, 265, 266 

assumed cause of, 266 

coincidence of occurrence 

' with sunspots, 268 
Austral pole of magnet, 186 



TD ALANCE, torsion, 15 
^-^ Bath, plating, 80. 
Battery of Leyden jars, 231, 232 

storage, 79, 80 
Bell, electromagnetic, 78, 79 
Biology, electro- , 52 
Blow pipe, electric, 42 
Boreal pole of magnet, 186 
Bound charge, 227 
Breeze, electric, 43 
Brittania joint, 35 



CG. S. Units, 97 
* Cable, aerial or overhead, 

32 
armor of, 31 
electric, 31 
submarine, 31 
Calorimeter, electric, 44 
Capacity, dielectric, 225 
specific inductive, 225 
specific inductive, F«iraday*8 
apparatus for measuring, 
226 
Cardboard, perforations of, by 

discharge, 41, 42 
Card of compass, 186 
Cascade charging of Leyden jars, 

232 
Cavallo on the Leyden jar, 2281, 
Crater, electric, 47 
Cell, voltaic, 62 
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Centimetre-f? r a m m e - 8 e c o n d 

units. 97 

Chart, isodynamlc. 191 

isoRonal, 181 

isoclinal, 193 

Charge, bound 227 

electric, effects of, 12 
free, 227 

induced electric, circum- 
• stances influencing amount 

of, 225 
negative, 10 
positive, 10 
Chimes, electric, 224 
Circuit, electric, definition of, 86 
electric, essential parts of, 93 
magnetic, different parts of, 

153 
multiple, 122, 123 
multiple-series, 125. 126 
multiple-series, application of 

Ohm's law to. 126 
series. 120, 121 
series-multiple, 127 
shunt or derived, 128 
Circuits, closed magnetic, 151 
divided magnetic, 150 
electric, varieties of, 119 
magnetic, 150 
Closed m ignetic circuits, 151 
Coercive force, cause of, accord- 
ing to Hughes, 170 
power, 135 
Coils, magnetizing, 210, 211 
Comb lightning arrester, 261, 265, 
Compass card, 186 
dipping, 189 
inclination, 189 
mariner's, 185 
points of, 186 
rhumbs of, 186 
Compound magnet, 134, 135 
Condenser, construction of, 235 
electric, 233, 234 



microfarad, 236 

plate, 234 

standard, 236 
Conducting power, electric 

causes which vary, 29 
Conductive discharge, 39 
Conductors, 26 

capacity of, 102 
Convective discharge, 40 
Core of electromagnet, 209 
Corposants, 265 
Coulomb, 100 

definition of, 100 

unit of electric qnantity 
named after, 108 
Cube, Faraday's, 18 
Current, electric, definition of, 85 

prac ica] unit of, 99 
Cylindrical electromagnets, 213 



"pvECLINATlON, angle of, 182 
-^ magnetic, 182 

of needle, cause of, 182, 183 
Demagnetization by heat, Btv- 

ing's explanation of, 172 
Derived or shunt circuit, 128 
Devices, electro receptive, 71 
Diamagnetic substances, 158 
Diamagnetism, probable cause 
of, 159 

TyndalTs theory respectingr, 
159, 160 
Dielectric capacity, 225 

substances. 225 
Dipping compass, 189 

needle. 188 
Discharge, conductive, 39 

convective, 40 

disruptive. 39, 47 

electric, 39 

color of. 48, 49 

chemical effects of, 50 

electric effects of, 41 
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luminous effects of, 45 

magnetic effects of, 49 

mecbanical effects of, ii 

physiological effects of 50, 51 

thermal or heating effects of, 

44 
Disruptiye discharge, 39, 47 

Dissected Leyden jar, 233 
Divided magne.ic circuit. 150 
Double fluid electrical hypothe- 
sis of Du Fay, 247, 248 
Dual character of electric dis- 
charge, 10 
Du Fay, double fluid hypothesis 

of, 247, 248 
Dynamo-electric machine, 66 
Dynamo-electricity, definition 
of, 58 

EARTH'S magnetic poles, lo 
cation of, 180 

magnetic declination, varia- 
tions in, 192, 194 

magnetic inclination, varia- 
tions in, 192. 194 

magnetic intensity, varia- 
tions in, 192, 194 

magnetism, Biglow's theory 
as to cause of. 195 

magnetism, phenomena of, 
179 

magnetism, Secchi's theory 
as to the cause of, 195 

magnetism, theories as to 
cause of, 194, 195, 196 
Eel, electric, 67 
Electric charge, effects of. 12 

chimeeC 224 

current, magnetic field of, 
203 

ray, 68 

resonance. 250 
Electrical conducting powers, 
Uhle of, 27 



Electricity, assumptions respect- 
ing nature of, 248 
atmospheric, 253 
atmospheric, general princi- 
ples, concerning, 254 
atmos,jheric. theories as to 

cause of, 254, 255. 256 
magneto, definition of, 58 
negative, 9 

photo-, definition of, 58 
positive, 9 
resinous, 9 
vital, definition of, 58 
vitreous, 9 
Electrics, 23 

Mectrol5 sis, definition of, 50 
Electro-biology, 52 
Electromagnet, 206 

action of magnetizing coils 

on core of, 212 
core of, 203 
cylindrical, 213 
general principles concern- 
ing, 212, 213 
ironcl.id, 214 
zig-zag, 215 
Electromagnetic bars or cores, 
Krlzik's, 217 
helix, anomalous, 209 
helix. lef.-'jLinded, 209 
helix, right- banded, 209 
waves or radiations, 206 
waves or radiations, Hertz' 
theory of, 248 
Electro-metallurgy, 50 
Electromotive force, definition 

of, 9L 
Electro-plating, 50 
Electro-receptive devices, 71 
definition of, 71 
poles of, 88 

principles of classification of, 
72 
Electro-physiology, 52 
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EledztipboniB. 2il, 212 
ElectitiCTpiiig, 50 
Electroeoope. Gcldleaf. U 

pithbalL 13 
Electro8tati«* attraction. 8 

ield.22l 

inductioii, 221 

induction machines, 212 

induction machine. Holts. 
212.213 

induction machine, Wims- 
hurat. 211,245 

repulsion, 8 

repulsion, cause of. 23 
Electrostatics, laws of, 12. 13 

deflniti<m of, 12 
Electro-therapeutics, 52 
Efrin^'s theory of mafcnetism, 
171, m, 173. 174 



Franklin, ezperimflDt oC wiUi 
kite.2S3 
single fluid electricai kj- 
pothesisof, 218 
Free charge. 227 

Frictional electric machme. Ml 
210 
electridty.deflnltloB of. 58 
Fuse, electric. 71 

GALV ANTS ezperfmeBt. 51 
Geographical distiibniJOB of 
thunder storms, 258 
Geissler tubes, 2J7, 288 
' Glass insulator, 32 
Globular lig^tnins, 980 
Gold^eaf electroeoope. II 
I Gradient, hjdro-elecinc, 89 
i Gramme, definition of, 9B 
Grenet roltaic cell, 62 
Gimbal suspension, 187 



FARAD. 102 
Faraday, unit of electric 
capacity named after, 104 
Faradaj's cube, IS 

net, 17 
Field, electrostatic, iJl 

ma^r-etic, 136. 137 138, 2C3 
of elec:ric current, 2(rt 
Fipnretf. magnetic. 137, 1^. 355 
Fire, St. Elmo s. .65 
Flatting magnet, 131 
Flow, electric, theory of two 

currents, 87 
Flow of water and electricitj, 
resemblances between, &^ 
to 92 
Fluid theory of maimetism. 153 
Flyer, elec ric, 43 
Foot pound, definition of. 107 
Foot -lecond -pound, definition of. 

IdS 
Force, electromotive, practical 

unit of. 19 
Forked lightning, 259 



HARD rubber insulator, 91 
Harris, srstem of lickt- 

fo 



Heat actirity. 113 
lightning. 259 
per s'cond. 113 
Heater, electric 7i 
HerU'B theory of el 

netic wares or 

218,249 
Holtz electrostatic indnctioa 

machine. 242, 213 
Horse power, definitioB oC, Mb 

109 
Hujfbes' theory of 

169. 17U 
Hydro-electric KradicBt. 
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Induced eiictnc cbaf^e. dr- 
cumstancfs influeBcias 
amount of, 2x5 
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iBduction, electrostatic, 221 

machines^ electrostatic, 2i2 

magnetic, 147 
Influence machines, 241 
Insalated wires, 33, 31 
Insulator, fluid, 31, 35 

pin. 34 
Insulators, 28, 30 

conditions requisite for good. 
a%34 

glass, 32 

liard rubber, 34 

porcelain, 33 
Ironclad electromagnets, 214 
Isoclinal lines. 192 

map or chart, 193 
Isodynamic lines« 192 

map or chart, 191 
Isogonal lines, 183 

map or chart, 184 

JAR, Leyden, 82 
cascade charging of, 232 
Cavallo on. 2.8 
construction of, 229, 230 
dissected, 235 
series charging of. 232 
Sir William Thompson's 

form of, ^30 
Von Klelsc's discovery of, 227 
Jars, Ley den, battery of 231, 232 
Joint, AmericcLn twist, 35 
Britemnia, 35 

Mclntire's parallel sleeve, 36 
Joule, 104 

unit of electrical work named 

after, 104 
its derivation. 109. 110. 

KILO, as a prefix, its mean- 
ing. 104 
Kilo-joule, 104 
Kilo-watt, 104 
Kite, Franklin's, 253 
Krisik's bars or cores, 217 



T AMP, electric arc. 75 ' 

-^ incandescent electric, 45, 76 

incandescent eleccric, life of, 
77 
Law. Ohm's. 92, 93 
Le^ikage, magnetic, 157 
Lef t-handi d electromagnetic he- 
lix, 209 
Ley den jar, 82 
Life of incandescent electric 

lamps, 77 
Light (ling. 257 

arrestci, 231 

arrester, comb, 264 

discharge, impulsive, 262. 263 
Lightning discharge, steady. 262 

discharges, varieties of, 2G2 

flash, cauBe of difference of 
potential of, 257 

effects produced by, 259 

globular, 260 

heat, 259 

rods. 260, 261 

rods, for ships. Harris' system 
for, 263, 261 

sheet. 959 

varieties of, 259. 260 

volcanic, 259» 260 

zig-zag or forked. 259 
Lines, isoclinal, 1.92 

isodynamic, 192 

isogonal. 183 
Lines of magnetic force, 136 

assumed direction of flow of, 
149 

produced by current, assumed 
direction of, 231, 205 
Location of earth's magnetic 

poles, 180 
Lodestone. 131 

MACHINE, Armstrong's hy- 
dro-electric. 61 
dynamo-electriCf 66 
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frfctional electric, 00 

muffneto^lectric, 06 
Bfagnet, anomalous, 140 

armature of. 155 

austral pole of, 186 

compound, 131 

electro-. 200 

electro-.circumstances affect- 
ing polarity of, 207, 208 

horseshoe, 134 

natural, 131 

permanent, 131 

poles of, 132, 133 

portative power of. 156 

solenoidal, 216 

U-shaped, 131 
Magnetic attractions and repul- 
sions, 133 

hattery, 135 

circuits, 150 

declination, 182 

density, 136, 150 

field, 136. 137, 13S, 151, 152 

fields, methods of permanent- 
ly fixing, 139 

figures. 155 

fluids, assumed, 163 

induction, 117 

leakage, 157 

needle, 1 2 

observatory, 179 

permeability. 149 

retentivily, 136 

solenoid, 163, 167 

storms, 196 

susceptibility, 154 

variation, 183 
Magnetism, 131 

Ampere's theory of, 164, 165 

E wing's theory of, 171. 172. 
173. 174 

Ilufifhrs' theory of, 169. 170 

fluid theory of, 163 

:-;::(lii .1,135 



Magnetism of ear^h, Biglow's 
theory as to cjrass of. k93 
Secchi's theory as to cause of. 

195 
theories ao to cause of 1^ 
195.196 
Magnetiz ition, mei;hods of, 141 
to 114 
method of double touch. 1 ts, 
method of separate touch, 

143 
method of single touch. 112 
Magnetising coils, 210. 211 
Magneto-electric machine. 00 
Magneto electricity, deftnition 

of, 58 
Man. is3dynamic. 191 
isogoujl. 184 
isoclinal, 193 
Mariner's compass, 185 
Marked pole, definition nf, 185 
Meg or Mega as a prefix, its 

meaning, 101 
Mega volt, definition of, 1C4 
Megohm, definition cf. li>4 
Mclntyre's sleeve joint, 36 
Meihods of magnetization, 141 
Micro as a prefix, its meaning, 

104 
Microfarad, 104 

condenser, 236 
Microvolt, 104 
Milii. as a prefix, 1*^8 meaning, 

104 
Motor, electric, 7\ 73 
Multiple circuit. 122, 123 
Multiple-series circuit, 125. 126 

NATURAL magnet. 131 
Needle, dipping. 188 
magnetic, I "2 
Negative charge, 10 
Negative electricity, definition 
of, 9 
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Net. Faraday's, 17 
NoD-oonductorSt 26 
N •ii-electric8, 25 
Nortb-seekinR magnetic pole, de- 

flnitioa of. 185 
Numbers. Wolf's sunspot, 198 

OERSTED'S discovery in 
maf^netism. 201 
experiment 49 
Ohm. 99. 101 

unit of electric resistance 
named after, 103 
Ohm's law. 92. 93 
Overhead cable, 32 

TDARAMAGNETIC snb- 

-^ stances. 157 

Teculiarity of earth's lines of 
magnetic force. 181 

Permanent magnets. 131 

Permeability, magnetic. U9 

Phenomena of the earth's mag. 
netism. 179 

Photo elecrlcity, definition of, 58 

Physiology, electro-, 62 

Pin. insulator, 34 

Pith ball electroscope. 13 

Plane, proof. 16 

Plants as electric sources. 6(i, 67 

Plate condenser, 231 

Plating bath, 89 

Plating, electro-, 50 

Pole, analogous, of tourmaline. 65 
antilagous of tourmaline. 65 
boreal, of magnet. 166 
magnetic, north-cceking, defi- 
nition, of. 185 

Poles of electric source, 87 

of electro-reoeptive device, 8S 
of magnets, 132. 133 

Points, infiucnce of, on electric 
discharge, 40 
of compass, 186 



Porcelain insulator, 33 
Portative power of magne', 156 
Posit ive charge 10 

electricity, definition of, 9 
Power, definition of. 107, 103 

electric transmission of, 74 

electric, unit of. 103 
Proof plane. 16 
Pyro-electricity, definition of. 58 

production of. 64 



Q 



UANTITY, electric, prac- 
tical unit of, 100 



RADIATHiNS, electromag 
netic. 206 

Hertz's theory of, 248. 249 
Ray. electric, 67, 68 
Repulsion, electrostatic. 8 

magnetic, laws of, 133 
Resinous electricity, 9 
Resistance, electric, 28 

electric, practical unit of, 99 
Resonance, acoustic, 249. 250 

electric, 25D 
Retentivlty. magnetic. 136 
Right handed electromagnetic 

helix, 239 
Rhumbs of compass. 186 
Rod lightning, 260, 261 

SERIES circuit, 120, 121 
charging of Leyden jars, 223 
-multiple circu'ts, 127 
Shunt or derived circuit, 128 
Sheet lightning. 259 
Single fiuid hypothesis, Frank- 
lin's, 2i6 
Solenoidal magnet. 216 
Solenoid magnetic, 166. 167 
yources, electric, 57 
definition of, 59 
poles of, 87 
magnetic, 153 
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Sources, electric, classification 
of. 59 

varieties of, 57 
Specific inducoive capacity, 225 
Standard condenser, 236 
St. Elmo's fire, 265 
Storage battery, 79, 80 
Storms, magn^etic. 196 

thunder, (geographical distri- 
bution of, 2^8 
Submarine cable. 31 
Substances, diamagn^etic, 158 

dielectric, 225 

paramagnetic, 157 
Sunspots, 196 

coincidence of occurrence 
with auroras. 263 
Susceptibility, majmetic, \bi 

rpELEPHONE, 79 
*- Thalca' original electric ex- 
periment, 7 

The earth an anomalous magnet, 
180 

Theory of magnetism. Ampere's, 
164,165 

Therapeutics, electro-, 52 

Thermo-electricity, definition of 
58 
prodnction of, 64 

Thomson's form of Leyden jir, 
233 

Thunderstorms,gcoj?raphical dis- 
tribution of, 258 

Torsion biilance, 15 

Tourmaline, pyro-elcctric prop- 
erties of, 65 

Transformer, 81. 82 

Tubes, Geissler, 267, 268 



of electric work, 103 
of work, 107 
Units, C G. S., 97 
electric, 97 

TTACUUM. electric discharge 



V 



in. 48 



U 



SHAPED magnet, 134 
Unit of electric capacity, 
102 
of electric power, 103 



Variation, magnetic, 183 
Vital electricity, definition of, 58 
Vitreous electricity, 9 
Volcanic lightning. 259. 260 
Volt. 99 

definition of. 101 
Volt-ampere. Ill 
Volt-coulomb, 110 
Volta. unit of electrorootlYe 

force named after, 103 
Volta's experiment. 51, 52 
Voltage of circuit, definition of, 

101 
Voltaic electricity, definition of, 

58 
Von Klelst. discovery of Leyden 

jar by. 227 

WATT, 103 
its derivation. Ill 
unit of electric power named 
after, 11)4 
Waves, electromagnetic, 206 
electromagnetic. Hertz's 
theory of. 248. 249 
Wimshurst. electrostratic induc- 
tion machine, 244, 245 
Wind, electric, 43 
Wires, insulated, 30, 31 
Wolf's sunspot numbers, 196 
Worlc. 107 

and power, distinction be- 
tween, 108 
electric unit of, 103 

ZIG ZAG electromagnet. 215 
lightning, 250 



IF YOU WISH- TO KNOW 

The latest and best work or works on the priDciples and 
theory of Electricity, or relating to any particular ap- 
plication of Electricity, The Electrical World will be 
pleased to promptly f arnish the information, personally 
or by letter, free of charge. If you live in or near New 
York, and would like to examine any electrical books, 
you are cordially iavited to visit the office of The 
Electrical World and look them over at your leisure. 

Making a specialty of Electrical Books, there is no 
work relating directly or indirectly to Electricity that 
is not either published or for sale by The Johnston 
Company, and the manager of the Book Department 
keeps himself at all times familiar with the contents of 
every work issued on this subject at home and abroad. 

Any Electrical Book in this catalogue, or any elec- 
trical book published, American or foreign, will be 
promptly mailed to ANY ADDRESS in the world, 
POSTAGE PREPAID, on receipt of the price. Ad- 
dress and make drafts, P. O. orders, etc., payable to 

THE I. J. JOHNSTON COMPMY. Ld.. 

TIMES BUILDING, NEW YORK, 



SECOND EDITION, JUST ISSUED. 

ReTised. Enlarged. Entirely Bewritteiu 

A DIGTIONARY OF 

ELECTRICAL WORDS . 
TERMS t^ PHRASES . 

By EDWIN J. HOUSTON. A.M. 

662 Large OetaTO Pftgei. 670 IllnstratlOBi. Priee, $5.00. 

Some Idea of the scope of this llmely and importaiit 

IV ork and of the Immense amount of labor Involved In It, may 
be formed when It Is stated that It contains definitions of about 
5)000 Distinct Words, Terms or Phrases. 

The Dictionary Is not a mere word book. The words, terms 
and phrases are Invariably followed by a sbort, concise 
definition, giving- the sense In which they are correctly em- 
ployed and a general statement of the principles of elec« 
trlcal science on which the definition is founded. 

Aaonefeaturo, an elaborate system of cross references has 
been adopted, so tliat It Is as oaMV to find the definitions 

as the words, and aliases are readily detected and traced. 

The typosrraphy is excellent, being large and bold, 
and so arranged that each word catches the eye at 
a glance by standing out in sharp relief from the page. 

Copies of the Dictionary, or of any othfr Electrical 
Work published, wii,l be mailed to any address in thk 
WORLD, noatage prepaid , ON receipt of price. Remft by P O 
Order, draft, Registered Letter or Express and address: * 

THE Id. 3. JOHOSTOn COfflPinS. EM., 

TIMES BUILDING, NEW YORK. 



A TIMELY WORK. 



ELE@TRI@ f{AllMAY 

IN THEORY AND PRACTICE. 

A COMPLETE TREATISE ON THE 

Construction and Operation of Electric Railways. 

BY 

0- T. CROSBY and Dr. LOUIS BELL- 



Handsomely and Copiously Illustrated. 



In this important new book will be found a full 
discussion of the principles, apparatus and meth- 
ods of construction employed in electric railroad- 
ing The treatment of the subject is thoroughly 
practical, and will commend itself alike to the 
electrical engineer, the student and the electric 
railway manager. 

The necessity for such a book has been keenly 
felt by everyone interested in the subject and in 
need of accurate and unbiased information. 

Copies of The ElectriC Railway in Theory and 
Practice will be mailed to any address, Postage 
Pbepaid, on receipt of the price, $2.50. Address 

TH6 Id. I 30HnST0n COIQPinS, Cd.. 

Publishers, Importers and Wholesale and 
JKetail Dealers in Electrical BookSf 

167-177 Times Building, New York. 



RECENT PROGRESS 



IN 



ELECTRIC RAILWAYS 

BEING A SUMMARY OF CUKRENT PROGRESS 

IN ELECTRIC RAILWAY CONSTRUCTION, 

OPERATION. {SYSTEMS, MACHINERY, 

APPLIANCES, &c., COMPILED 

By CARL HERINC. 

886 pageg and 120 illugtratlonB. Cloth, - Price, $1.00 



This volume contains a classified summary of the 
recent literature on this active and promising branch 
of electrical progress, with descriptions of new appa- 
ratus and devices of general interest. 



CONTENTS. 



Chapter I. — Historical. Chapter II. — Development 
and Statistics. Chapter III. — Construction and Opera- 
tion. Chapter IV. — Cost of Construction and Opera- 
tion. Chapter V. — Overhead Wire Surface Roads. 
Chapter VI. — Condivt and Surface Conductor Roads. 
Chapter VII. ^Storage Battery Roads. Chapter VIII. 
— Underground Tunnel Roads. Chapter IX. - High 
Speed Interurban Railroads. Chapter X.— Miscellan- 
eous Systems. Chapter XI.— Generators, Motors and 
Trucks. Chapter XII. — Accessories. 

Copies of this <w any other electrical hook oi* hooks puh- 
lished, will hr promptly mailed to any addvi ss in i?it worlds 
POSTAGE PiiKPAiD, 07t> receipt qfpHce. Address 

The W. J. JOHNSTON COMPANY, Ld., 

TIMES BUILDING, NEW YOUK. 



PRINCIPLES OP 

DYNAMO ELECTRIC MACHINES 

AND 

Practical Directions for Designing 
and Constructing Dynamos, 

By CARL HKRING. 

Sixth Thoasand. 279 pages. 59 fillnstratlons Price, $2.60. 



CONTENTS. 

Review of Electrical Units and Fundamental Laws 

Fundamental Principles of Dynamos and Motors. 

Magnetism and Electromagnetic Induction. 

Generation of Electromotive Force in Dynamos. 

Armatures. 

Calculation of Armatures. 

Field Magnet Frames. 

Field Magnet Coils. 

Regulation of Machines. 

Examining Machines. 

Practical Deductions from the Franklin Institute Test3 

of Dynamos. 
The So-called *'Dead Wire" on Gramme Armaturec. 
Explorations of Mn f^netic Fields Surrounding Dynamoc. 
Systems of Cylinder-Armature Windings. 
Table of Equivalents of Units of Measurements. 

Copies of this or any oilier electrical book or books pnb- 
lis/ied, will be promjjtl// ^nailed to any addrtan in the worid, 
POSTAGE ruKrAiD, oti receipt of price. A<'d/es.s 

The W. J. JOHNSTON COMPANY, Ld., 

TIMES BUILDING, NEW YOKK. 



THE ELECTRI6 MOTOR 

MD ITS APPLIMTI0N8. 



By T. C. Martin and Joseph Wetzler, with aa 
appendix bringing the book down to 
date by Dr. Louis BeU;^, 



Vt| S54 Ilfustrutiono. PBIQE9 V^ 
J|kjl postage prepaid fto amy amJl 

^Pll pai^ oFtbe World. ||||| 



This timely work is the first American Book on 
Electric Motors, and the only book in any lan- 
guage dealing exclusively and fully with the 
modem Electric Motor in all its various practical 
applications. The book is a handsome quarto, 
the page being of tho sumo size as Dredge's large 
work on "Electric Illumination," and many of 
the cuts are full page. 

No effort has been spared to make the book 
complete to date', and it will prove invaluable to 
every one interestei in the progress and develop- 
ment of the Electric Motor or the Electrical 
Transmission of Energy 

Copies of tins or any other electrical hook puh' 
lished, in II he nn riled to any address in the world, 
POSTAGK riii.PAiD, on ricciptof lyrice. Address 

TheW. J. Johnston Company, Ld.5 

TIMES BUILDING. NEW YORK. 



The 

Electromagnet, 

BY 

rm SILVAiniS p. TBOMTSON, D.83., B.iL, 1LL1.S. 

A full theoretical and practical account of the pro p e fr 

ties and peculiarities of electroouagnets, together 

with complete instructions for designing 

magnets to serve any specific purpose. 

Published with the express con* 

sent and careful revision of 

the author. 

Cloth. 280 Pages. 75 Illustrations. 
Price, $1.00. 

tacmnm l.t Introductory ; Historical Sketch : Generalities 
Cooceming Electromagnets; Typical Forms; Polarity; Uses 
in GeneraT; The Properties of Iron ; Methods of Measuring 
permeability; Traction Methods; Curves of Magnetization 
and Permeability ; The Law of the Electromagnet ; Hysteresis ; 
Fallacies and Facts about EisctromagneL<i. Lecturb II.: Gen- 
eral Pnnciples of Design and Construction ; Principle of the 
Magnetic Circuit. Lecturb III.: Special Designs; Wmdingof 
the Copper ; Windmgs for Constant Pressure aod for Constant 
Cnrrent; Miscellaneous Rules about Winding ; Specifications 
for Electromagnets ; Amateur Rules nbottt Resistance of Elec* 
Cromagnet and Battery; Forms of Rlectrom:)gnets; Irffect of 
Size of CoUs; Effect of Position of Coils; Effect of Shape of 
Section; Effect of Distance between Poles; Researches of 
Prof. Hughes; Position .nnd Form of Armature; Pol<--Pieces 
on Horseshoe Ma. nets. Contrast bet wee .1 Electromagnets and 
Permanent Magnets : Electromaenets for Maximum Tractions 
Electromagnets for Maximum Ran<-e of Attnciion ; Electro- 
magnets of Minimum Weight ; A Useful Guidmg Principle ; 
Electromagnets for Use with Alternating Currents: Electro- 
magnets ibr Quickest Action ; Connecting Coils for Quickest 
Action; Battery Grouping for Quickest Action; Short Cores 
vs. hoag Cores. Lecture IV.: Electromagnetism, etc. 

Copies of the above book promptly mailed to any addres% 
fostag^e ^f^id. «-»n receipt of price. Address 

Copies of this or any other electrical book piih' 
lished, will he mailed to ant/ address in the world, 
POSTA GK PREPAID, Oil receipt of pHce. Address 

The W. J. Johnston Company, Ld., 

i TIMES BUILDING, NEW YORK. 



AN IMPORTANT NEW BOOK. 



ALTERNATING CURRENTS 

TREATED ANALYTICALLY AND ALSO 
TREATED GRAPHICALLY. 

BY 

pi^HDHl^ICK BHDHIiIi, PH.D., and 
A. C. Ct^HHOl^H, PH.D., (Cofnell Univ.) 



Uniform with "the Electric Railway" by Crosby and Bell. 



Cloth. 250 pages and 112 illttstrationg. Price, $2.50. 



While there are many monographs and special treatlsps on 
alternating currents, they are either fragmentary or special In 
character, or couched In mathematical language requiring a 
special mathematical education to Interpret. 

In this volume the theory of alt'^matlng currents Is, for tlie 
first time, treated In a connected und logical manner, and in 
mathematical language familiar to the ordinary mathematical 
public, while the g^'aphical extension can be followed by those 
not having a special knowledge of mathematics. 

Some parts of this volume have been published In separate 
papers, and from the cordial welcome they received. It Is be- 
lieved that the present work will nil a distinct want In an Im- 
portant branch of electrical science. 



Copies of this or any other electrical hook or hooks puh^ 
lished, will be promptly mailed to any address in t1i4 world, 
POSTAGE PREPAID, 071 receipt of price. Address 

The W. J. JOHNSTON COMPANY, Ld., 

TIMES BUILDING, NEW YOKE. 



EXPERIMENTS WITH 

Alternate Gurrents 

Of Uigh Potential and Uigh Frequenoy, 

Br NIKOLA TESLA. 



156 pages, with Portrait and 35 Ulustratums, 

Cloth, $1.00. 



This book gives in full Mr. Tesla's important lecture 
before the Loudon Institution of Electrical Engineers, 
which embodies the results of years of patient study 
and investigation on Mr. Tesla's part of the phenomena 
of Alternating Currents of Enormously High Fre- 
quency and Electromotive Force. 

EVERY Er.ECTRICIAN, ELECTRICAL ENGINEER OR 
STUDENT OF ELECTRICAL PHENOMENA WHO MAKES 
ANY PRETENSIONS TO THOROUGH ACQUAINTANCE 
WITH RECENT PROGRESS IN THIS IMPORTANT FIELD 
OP RESEARCH WHICH MR. TESLA HAS SO ABLY DE- 
VELOPED MUST READ AND REREAD THIS LECTURE. 

The book is well illustrated with 35 cuts of Mr. 
Tesla's experimental apparatus, and contains in ad- 
dition a biographical sketch, accompanied by a full- 
pa^e portrait, which forms a fitting frontispiece to a 
lecture which created such widespread interest. 

Copies of this or any other electrical hook or hooks pub- 
lislied, will be promptly mailed to any address in the worlds 
POSTAGE PREPAID, ou receipt of price. Address 

The W. J.JOHNSTON COMPANY, Ld., 

TIMES BUILDING, NEW YORK, 



ORIGINAL PAPERS 

ON 

DYNAMO MACHINERY 

AND ALLIED SUBJECTS. 

By JOHN HOPKINSON, F.R.S. 

Dnlform with Thompson's " Lectures on the Electromagniet." 
I*BICB, INCIsUniNG POSTAGE, $1,00, 



This collection of papers includes all written on 
electro-technical subjects by the distinguished author, 
most of whicli have been epochal in their character 
and results. 

The papers are arranged according to subject. Five 
papers relate wholly or in part to the continuous cur- 
rent dynamo ; four are on converters and one each on 
the theory of alternating current machines and on the 
ai)plication of electricity to light-houses. 

In the words of the author **The motive of this 
publication has been that I have understood that one 
or two of these papers are out of print and not so acces- 
sible to American readers as an author who very greatly 
values the good opinion of American electrical engi- 
neers would desire . " 

Copies of this or any otJier electrical book or books pub^ 
Usfied, tcill be promptly mailed to any address in the world, 
POSTAGE PREPAID, on receipt of price. Address 

The W, J. JOHNSTON COMPANY, Ld., 

TIMES BUILDING, NEW YOKE. 



EUSBECNTS OF 



STATIC ELECTRICITY, 

^iriTH FULL DESCBKPnON OP THE HOLTZ AND tSPLBB 
HACHINES AND THEIR MODE OF OPERATION. 



By PHILIP ATKINSON, AJIL, PIlH. 

Cloth, 12mo; 228 FOffes; 64 lUustnUions. 



'9 
POSTAGB to any part of the world PREPAID. 



The author of this treatise has made a special study 
of Static Electricity, and is an acknowledged master 
of the subject. The book embodies the result o£ 
much original investigation and experiment, which. 
Dr. Atkinson's long experience as a teacher enables 
him to describe in clear and interestmg language^ 
devoid of technicalities. 

The principles of electricity are presented untram- 
meled, as far as possible, by mathematical formuke, 
so as to meet the requirements of a large class who 
have not the time or opportunity to master the in* 
tricacies of forinulaB, which are usually so perplexing 
to all but expert mathematicians. ^ 

The views expressed in the book are the result of 
many years' experience in the class room, the lecture 
room and the laboratory, and were adopted only 
after the most rigid test of actual and of t-repeatea 
experiment by the author. 

Copies of this or any other electrical book pvh- 

f. lished, will be mailed to any address in the world, 

POSTAGE TREPAID, ou rcccipt of price. Address 

The W. J. Johnston Company, Ld., 

TIMES BUILDIKG. NEW YORK. 



A BOOK FOR THE LIGHTER MOVIKXTS. 



LiGHTEiEG Flashes 

AND 

ELECTRIC DASHES. 

A volume of choice Telegraphic and Electrical Litera- 
ture, Humor, Fuu, Wit and Wisdom. 



Cloth. Profusely illustrated. 160 large, double column pages. 



PRICE, $1.50. 



*' Lightning Flashes" is principally made up of short, 
bright, crisp, ably-written stories and sketches from 
the pens of the foremost writers in the ranks of tele- 
graphic and electrical literature, as well as of several 
writers of prominence outside of the business. Among 
the latter are included Mr. Charles Barnard and the 
late Benson J. Lossii^ir. LL.D. The article by Dr. 
Lossing, on Professor Morse, is a valuable contribution 
to the history of the telegraph and the other articles, 
grave and g.iy in turn, in some cases illustrated by the 
authors, make this a work of interest to the general 
reading public as well as to electricians. 



Copies of this or ar>y other electrical book or hooks pub- 
lishea, will bt prom^^tli/ mdited to any address in the world, 
posta^ge prepaid, oh, receipt of iwice. Address 

The W. J. JOHNSTON COIVIPANY, Ld., 

TIMES BUILDING. NEW YORK. 



The piirst Electrical Jlovel, 



WIRED LOVE: 

A ROMAIVCi: OF BOTS ANB BASHES. 

By ELLA CHEEVER THAYER. 

Fourth edition. Cloth, 256 "page^, Price^ 75 centi. 



A good book to make you forget busiDess aod care, 
and leave pleasant memories behind it. — GlUcago Inter- 
Ocean, 

A capital .love story, the affection having its origin 
in telegraphic communications between two operators 
unknown to each other, fifty miles or so apart. — Boston 
Commonwealth, 

The book is written in an easy, off-hand style, per- 
vaded with quiet Immor, and its sentimental portions 
contain some suggestions of wisdom that are expressed 
with great force, beauty and originality. — Boston Herald, 

The love-making which goes on is done over tele- 
graphic wires, and there is plenty of humor and a dash 
of mystery about the story which makes it refreshing 
reading. The heroine is a telegraphic operator, and the 
way in which her acquaintance over the wires with a 
fellow-operator ripens into something more than friend- 
ship, is very pleasantly told. — Boston Journal. 



Copies of tJiis or any other electrical book or books pub- 
lished, will be promptly mailed to any address in the world, 
POSTAGE PREPAID, on receipt of price. Address 

The W J.JOHNSTON COMPANY, Ld., 

TIMES BUILDING, NEW YORK. 



THE HOHEER ELECTBICAL JOHBHAL OF AMEBICi 




THE ELECTRICAL WORLD 

In the I>rsc!>I, nioiit liandiH>niFl> illHBlrated, and 
moM widely rlrpulKicd olerlrlml juiiriisl 

II should be reail not odIj- bj- every ftmbilioua elec- 
tricioD anxious lu vise iu Iiis pri)fi.'saiuu, but tiy everj* 
intelligent American. 

The paper is ably c<lited and outed for expluiniug 
electrical principlia and describing new iuveutions ui.d 
discoverifS in simple mid eii^y Iniiguoge, devoid of 
techDiciiliiies. It niso gives piiimplly Ihe most com- 
plete ncw3 from nil piirlsof liii- woilil. relaliiig to the 
diffei-ent appliealioiis of elect li city. 

Sabscriptloii, {r""a£,IKS',X!'}«3 • Te«r. 

Jftj be ordtrtd i>f any NfVKdtiiU r lit lOnhUii irerk. 

THE W. J. JOHNSTON COMPANY, Ltd., 

TIMES BUILDING, NEW YORK. 



